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When  it  ^vas  resolved  to  publish  the  following  Lec- 
tures, it  was  intended  to  annex  to  them  a  life  of  the 
author,  not  only  for  the  immediate  gratification  of  his 
surviving  friends,  but  with  a  view  also  to  furnish  ma- 
terials to  assist  the  future  biographers  of  our  couniry- 
men.  The  lives  of  men  whose  virtues  or  talents  have 
honoured  their  native  land,  have  been,  in  other  coun- 
tries, recorded  with  diligence,  and  perused  with  gene- 
nd  eagerness.  In  Europe,  at  the  present  day,  every 
literary  character  has  his  faithful  Boswell  to  publish 
his  virtues,  and  to  extend  and  to  perpetuate  his  fame; 
and  although  ages  pass  away  without  producing  an 
object  of  biography,  so  illustrious  as  Johnson,  yet  al- 
most every  year  takes  from  us  some  one  whose  exam- 
ple might  give  ardour  to  virtue  and  confidence  to  truth. 
In  the  hasty  and  indiscriminate  biographical  compi- 
lations which  avarice  or  friendship  hourly  issues  from 
the  press,  many  names  are  announced  to  the  public 
fin*  the  first  time;  names,  which  had  previously  been 
scarcely  known  beyond  a  limited  circle  of  partial 
friends.  Yet,  so  pleasing  is  the  study  of  biography  to 
&e  learned  as  well  as  to  the  desuUorj-  reader;  so  much 
more  attractive  are  fire-side  anecdotes  than  the  annals 
of  nations,  that  every  work  of  this  description  meets 
k  ready  purchaser,  who  finds  in  it  something  to  amuse 
and  something  to  instruct. 
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Biography,  indeed,  comes  home  to  the  business 
and  bosoms  of  men.  Man  is  natufLilly  social,  and  if 
he  be  not  driven  into  foreign  wars  nor  deluded  into 
civil  dissensions  by  the  authority  of  power,  or  by  the 
seductions  of  interested  individuals,  he  will  be  gene- 
rally found  engaged  in  that  interchange  of  kindly  af- 
fections which  produces  his  temporal  felicity  and  is 
best  calculated  for  his  eternal  welfare.  It  is  natural, 
therefore,  that  he  should  be  more  interested  in  the 
lives  of  great  or  good  men  than  in  the  tumults  of 
nations;  and  accordingly,  the  observing  inquirer  will 
discover  that  the  pages  of  Gibbon  and  Hume  which 
record  the  intrigues  of  statesmen  and  the  triumphs  of 
ambition,  are  neglected  for  the  perusal  of  those  in 
which  they  appear  as  their  o\vn  biographers. 

But  the  amusement  which  the  study  of  biography 
affords,  is  of  trivial  importance  when  its  utility  is  con- 
sidered. Life  is  a  scene  of  ceaseless  toils  and  difficul- 
ties, which  as  they  are  generally  of  our  own  creation, 
might  also  be  avoided  by  our  own  precautions,  or 
subdued  by  our  own  exertions.  There  is  little  variety 
in  the  history  of  man.  In  all  ages  he  has  been  the  vic- 
tim to  his  own  passions,  or  the  builder  of  his  own 
prosperity.  He  cannot  indeed  reasonably  hope  to 
elude  the  attacks  of  artifice  or  accident,  but  he  can 
generally  be  taught  to  diminish  their  force.  Experi- 
ence though  a  skilful,  is  but  a  slow  teacher,  and,  un- 
fortunately, it  too  often  happens  that  when  the  lesson 
has  been  acquired,  the  power  to  profit  by  it  has  pas- 
sed away.  Biography  is  therefore  a  valuable  study, 
i^nce  it  shows  us  men,  like  ourselves,  with  similar 
feelings,  passions,  desires  and  wants;  encountering 
the  same  obstacles  which  hourly  cross  our  path ;  in 


)x 
some  instances  surmounting,  and,  in  others,  subdued 
by  them,  but  in  all  directed  to  the  means  of  success. 

The  following  life  is  an  eminent  example  of  the 
beneficial  results  of  persevering  industry,  ;ind  the  ob- 
ject of  recording  it  will  have  been  attained,  if  it  shall 
teach  the  timid,  a  proper  confidence  in  his  own  efforts, 
and  the  presumptuous,  an  humble  confidence  in  his 
God. 

,,  Dr.  John  Ewing  was  born  on  the  twenty-second 
day  of  June,  1732,  in  the  township  of  Nottingham, 
10,  CtEcil  county,  Maryland,  near  to  the  line  which 
separates  that  state  from  Pennsylvania.  Of  his  ances- 
tors Utile  is  known.  They  emigrated  from  Scotland 
ai  an  early  period  of  the  settlement  of  our  country, 
and  fixed  themselves  on  the  banks  of  the  Susquehan- 
na, ucar  to  the  spot  where  he  was  born.  They  were 
Eumers,  who,  if  they  did  not  extend  their  names  be- 
yond their  imtncdiate  neighbourhood,  yet  maintained 
within  it  that  degree  of  reputation  which  their  descen* 
dants  can  speak  of  without  a  blush. 

His  iather  was  enabled  by  his  industry  to  support 
his  femily*  from  the  produce  of  his  farm,  and  to  give 
10  bis  children  that  degree  of  education  which  country 
sdiof^  at  that  time  had  to  offer.  This  indeed  was 
little,  but  it  was  all  that  was  necessary  to  such  a  mind 
as  Dr.  Ewing's.  It  was  sufficient  to  furnish  the  rudi- 
meiita  of  science,  which,  however  early  they  are  lost 
by  ordinary  minds  in  the  distractions  of  a  life  of  busi- 
ness, only  serve  to  fan  the  fire  of  ambition  in  stronger 
mteliecis,  and  to  direct  and  guide  their  possessors  lo 


'Thiein  were  five  brothers:   Wiiliam,  Oeorge,  Alexande: 
AihaaonlblstvinlirnTher.  Jbidcs,  whoi?  the  onlyon&iiow 
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lander.  ^^ 

living.  ^H 


The  school- house  at  which  Dr.  Ewiiig  was  taught 
the  elements  of  his  native  language  and  the  first  rules 
in  arithmetic,  was  at  a  considerable  distance  from 
his  father's  residence.  The  daily  exercise  of  walking 
thither  in  his  youth,  tended  to  invigorate  a  constitu- 
tion naturally  strong,  and  enabled  him  to  acquire  a 
stock  of  health  which  carried  him  through  sixty  years 
without  sickness.^  At  this  school  it  cannot  be  sup* 
posed  that  he  learned  much,  but  he  was  soon  removed 
from  it  and  placed  under  the  superintendance  of  Dr. 
Alison,  a  clergyman  eminent  for  his  erudition  and 
piety,  who  then  directed  a  school  at  New  London  cross 
roads,  in  the  state  of  Pennsylvania.  After  having  finished 
those  studies  usually  taught  in  his  school,  he  remained 
with  him  three  years  as  a  tutor.  To  this  he  Di^as  led, 
not  merely  by  inclination,  but  by  necessity.  His  father 
died  about  this  time,  and  left  his  small  property  to  be 
distributed  according  to  the  laws  of  the  state  of  Mary- 
land, in  which  that  of  primogeniture  prevailed.  The 
eldest  son  inherited  the  patrimonial  estate,  and  left 

*  Dr.  Ewing  has  been  heard  to  state  a  (act  which  he  witnessed 
at  this  period  of  his  life,  and  which  I  cannot  resist  relating,  since, 
established  by  his  character  for  veracit}  9  it  may  shed  some  light 
on  a  question  in  natural  history,  hitherto  involved  in  some  ob- 
scurity. As  he  went  to  his  school  one  morning  at  an  early  hour, 
he  observed  a  bird  in  extreme  agitation,  flying  repeatedly  across 
the  road,  but  never  going 'beyond  the  fence  on  either  side,  on 
which  it  constantly  alighted.  It  would  rest  there  for  a  moment 
and  then  return  to  the  opposite  fence,  always  descending  in  its 
flight,  until  it  nearly-  touched  tlie  ground.  Its  agitation  arrested 
his  attention,  and  he  stood  to  observe  the  cause.  On  the  spot 
where  it  seemed  disposed  to  alight  in  its  flight,  he  observed  a 
snake,  which  had  evidently  fixed  on  its  victim,  and  fascinated  it 
beyond  the  power  of  escaping  by  its  own  efforts.  He  frightened 
the  snake  away  by  throwing  at  it  a  stone,  when  the  bird  instantly 
flew  off  with  evident  symptoms  of  joy. 


Dr.  Ewing  and  his  remaining  brothers,  to  struggle 
in  the  world  with  twenty  pounds  each.  At  this  distri- 
bution of  his  father's  proptrt}'  he  did  not  repine,  for 
he  then  feh  a  confidence  in  his  uun  powers  which  did 
not  deceive  him,  which,  poverty  could  not  diminish, 
and  which  enabled  him  subsequently  to  attain  that 
honourable  elevation  which  he  adorned  by  his  virtues 
as  well  as  hts  talents. 

Under  the  kind  care  of  Dr.  Alison  he  made  con- 
siderable progress  in  his  favourite  pursuit,  the  study  of 
mathematics.  Books  of  science  were  not  at  that  time 
eaMl>  obtained  in  America,  especially  in  places  remote 
from  cities;  but  such  was  his  thirst  for  knowledge  that 
he  frequcnily  rode  thirty  or  fortj'  miles  to  obtain  the 
loan  of  a  book  which  might  afford  him  some  informa- 
tion on  ihe  subject  of  his  lavourite  speculations.  Those 
authors  who  were  safe  guides  could  not  always  be 
obtained.  Incorrect  writings  sometimes  fell  into  his 
hamls,  the  errours  of  which  did  not  escape  the  detec- 
tion of  his  penetrating  and  original  genius.  It  often 
occurs  that  difHculties  only  quicken  the  eagerness  of 
the  mind  in  its  pursuits,  and  bring  into  action  its  latent 
energies.  Such  was  the  result  of  difficulties  on  Dr. 
Ewing  at  this  early  period  of  his  life.  His  mind  did  not 
shrink  from  intellectual  conflict,  but  gathered  vigour 
banxi  hindrance,  and  bade  defiance  to  difficulty.  At 
tius  period  he  certainly  learned  much  from  books,  and 
much  from  the  conversation  of  Dr.  Aliion,  of  whom 
indeed  he  always  spoke  with  kindness,  but  he  acquired 
more  from  the  habits  of  close  thinking  in  which  he 
early  indulged.  To  the  txvo  former  he  was  much  in- 
debted, but  if  we  allow  to  those  sources  of  informa. 
tion  all  that  they  merit,  it  will  yet  not  be  hazardous  to 
saqr  lliat  in  the  science  of  mathematics  he  was  self- 
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taught,  and  could  never  have  reached  that  station 
which  he  afterwards  adorned,  struggling  as  he  was 
with  poverty  and  harassed  with  difficulties,  without 
receiving  from  other  than  human  aid  the  impulse 
wliich  carried  him  forward. 

In  the  year  1754  he  left  the  school  of  Dr.  AltaoDt 
and  removed  to  Princeton  for  the  purpose  of  entering 
the  college.  Mr.  Burr,  the  father  of  the  late  vice-pre- 
sident of  [he  United  States,  was  then  president  of  that 
institution,  and  of  that  great  and  celebrated  man  he 
was  a  favourite  pupil.  He  joined  the  senior  class,  and, 
impelled  by  pecuniary  cmUirrassmcnts,  engaged  at 
the  same  lime  as  teacher  of  the  grammar  school  which 
was  connected  with  the  college.  His  intention  was  to 
graduate,  and  for  this  purpose  it  uas  necessary  that 
he  should  study  in  private  some  branches  of  learning 
to  which  he  had  previously  been  unable  to  attend. 
These  causes  made  his  labour  greater  than  that  of  his 
classmates.  His  studies  were  ;u-duous  and  multiplied; 
but  he  brought  to  the  contest  a  mind  which  difficul- 
ties did  not  easily  subdue.  He  graduated  with  his  class 
in  the  year  1755,  and  finding  that  he  had  still  to  toil 
forasubsistence,  he  immediately  accepted  the  appoint- 
ment of  tutor  in  the  college.  At  this  period  he  resolved 
to  choose  his  profession;  and  feeling  the  study  of  the- 
ology congenial  with  his  wishes,  and  calculated  to 
permit  him  to  mingle  with  it  scientific  researches, 
he  adopted  it  with  his  usual  promptitude  and  his  usual 
zeal. 

In  pursuance  of  this  design,  he  returned  to  Dr. 
Alison,  his  former  tutor  and  friend,  and,  after  the 
usual  period  of  preparatory  study,  he  was  licensed 
to  preach  the  Gospel  by  tlie  presbytery  of  Newcastle, 
in  the  state  of  Delaware.  At  the  age  of  twenty-six. 
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r  he  undertook  the  pastoral  charge  of  any  con- 
■grc^tion,  he  was  selected  to  instruct  the  philosophical 
clashes  in  the  college  of  Philadelphia,  during  the  ab- 
sence of  the  provost,  the  late  Dr.  William  Smith. 
Whilst  he  was  engaged  in  the  discharge  of  this  hon- 
ourable office,  he  received  an  invitation  from  the  pres- 
bytcrian  congregation  of  his  native  place  to  settle  him- 
sctfamong  tliem  as  their  pastor.  This  was  an  invitation 
on  wliich  he  deliberated,  before  he  declined  it.  To  be 
selected  by  the  friends  of  his  youth  as  their  spiritual 
guide;  to  fix  himself  with  a  decent  stipend  on  his 
native  spot  among  his  relations  and  former  associates, 
was  a  temptation  calculated  to  win  a  man  who  v^'aii 
sccial  in  his  affections,  and  who  was  little  troubled  with 
tht  unquiet  spirit  pi  ambition.  But  he  was  by  this  linit 
married,  and  having  early  known  the  value  of  a  libe- 
ral education,  he  wished  to  give  his  oflspring  the 
opportunity  of  possessing  those  instructions  which 
he  hinself  had  so  long  toiled  to  acquire;  which, 
during  his  life,  he  praised  as  more  valuable  than 
wealth,  and  recommended  to  the  attention  of  his 
children  by  all  the  persuasions  of  paternal  affection. 
Whilst,  however,  he  was  deliberating,  he  received, 
in  the  year  1759,  an  unanimous  invitation  from  the 
first  presbyterian  congregation  in  the  city  of  Philadel- 
phia to  undertake  their  pastoral  charge.  This  he  did 
not  feel  himself  at  liberty  to  decline,  but  accepted  it, 
and  fixed  himself  for  his  life. 

From  this  period  until  the  year  1773,  he  continued 
to  discharge  his  duties  with  a  diligence  and  zeal  sel- 
dom surpassed.  In  the  bosom  of  his  congregation  he 
found  affection  and  friendship,  and  learned  that  life  has 
few  stations  to  offfr  to  an  unambitious  heart  more 
valuable  than  that  of  a  pastor  beloved  by  his  fiock. 


He  was  now  at  liberty  to  pursue  his  favourite  studies 
without  other  intniuons  on  his  time  than  method  and 
diligence  could  render  harmless.  During  this  period 
his  studious  researches  enabled  him  to  accumulate 
materials  for  the  compilation  of  his  Lectures  on  No- 
tural  Philosophy,  and  such  was  the  vigour  of  his 
understanding,  such  his  habits  of  constant  study,  and 
so  ample  his  stores  of  knowledge,  ttiat  the  volume 
which  accompanies  this  sketch  of  his  life  is  copied 
from  the  original  manuscript. 

New  scenes  now  opened  upon  his  view.  In  the 
year  1773  he  was  commissioned,  with  the  consent 
of  his  congregation,  in  conjunction  with  Dr.  Hugh 
Williamson,  late  a  member  of  Congress  from  the 
afbte  of  North  Carolina,  to  solicit  subscriptions  in 
Great  Britain  for  the  academy  of  Newark  in  the  state 
of  Delaware.  He  took  with  him  letters  of  recom- 
mendation from  men  of  science  and  respectability  to 
several  eminent  characters.  These,  aided  by  his  own 
reputation  for  mathematical  science,  his  general  in- 
formation, and  his  virtues,  procured  for  him  the  inti- 
macy and  friendship  of  several  persons,  who  at  that 
period  and  since  held  the  highest  stations  of  litera- 
ture. Among  these  were  the  celebrated  tustorian  I^. 
Robertson,  Dr.  Webster,  Mr.  Balfour,  and  Dr.  Blu^ 
lock,  the  blind  poet  of  Scotland.  He  visited  cvmyj^aQt- 
of  importance  in  £ngluid,  Scotland,  aDd  j^nslRii^  ud; 
in  all  of  them  was  received  with  that  attention  aw  ~ 
respect  which  are  due  to  the  man  of  science  and  t 
minister  of  God.  The  cities  of  Glasgow,  Montr 
Dundee  and  Perth,  presented  to  him  their  Ireedoaq 
and,  from  the  ijnivcrsity  of  Edinborght  of  41 
Robertson  was  tben  the  i^i**ir*^~ 
out  appticationt  '^  ^^^SHitf 
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Dr.  Robertson,  on  presenting  his  diploma,  declared 
thai  he  had  never  before  conferred  a  degree  with 
greater  pleasure.  The  acquaintance,  thus  commenced 
with  this  celebrated  personage,  ripened  into  intimacy, 
and  until  the  death  of  the  latter,  in  1793,  he  made 
constant  and  afiectionate  inquiries  about  Dr.  Ewing 
from  travelling  Americans  who  visited  him  at  Edin- 
burgh. A  few  days  before  his  death,  some  young 
American  genUemen  waited  upon  him,  to  whom  he 
spoke  of  his  friend  "  as  a  man  of  great  talents  Jor 
wham  he  entertained  a  great  personal  regard"  and 
bis  last  words  at  parting  were,  "  Do  not  Jiirget  to 
•nt  my  kind  regards  to  Dr.  Ewing  " 
&uch  a  testimonial  from  such  a  man  as  the  historian 
\  Charles  the  Fifth,  the  descendants  of  Dr.  Ewing 
f  be  permitted  to  remember  and  to  speak  of  to  the 


he  6r9t  visited  England,  the  approaching 
iiest  with  his  native  land  was  a  topic  of  conver- 
lon  in  every  society.  He  was  warmly  and  uniformly 
ic  friend  of  his  countrj-,  and  although  he  had  frequent 
offers  of  reward  from  men,  high  in  power,  if  he  would 
remain  in  England,  jet  his  knowledge  of  the  causes  of 
the  revolution;  his  acquaintance  with  the  spirit  and  re- 
sources of  his  countrymen,  and  his  integrity  forbade 
him  to  listen  to  them.  He  held  frequent  conversations 
with  the  minister,  Lord  North,  to  whom,  with  that 
iirankness  and  independence  of  sentiment  which  cha- 
grined him,  he  communicated  all  his  information 
cdng  the  resources  and  power  of  the  people  of 
united  colonies.  To  the  minister  he  predicted  the 
issue  of  the  contest,  and  urged  him  to  pause  before 
he  alienated  irretrievably  from  the  mother  country 
affections  of  loyal  subjects.  These  conversalions 


he  was  iii  Uje  habil  of  repeating  to  hia  friends  on  his 
rct\im  from  EiFgland,  not  without  some  degree  of 
surprise  that  the  minister  should  have  involved  Iiis 
country  in  a  war  with  a  people,  of  whose  character, 
numbers,  spirit  and  resources  he  was  utterly  ignorant. 
Among  the  eminent  literary  characters  whom  Dr. 
Ewing  met  at  the  hospitable  table  of  Mr.  Dilly,  the 
LondoE)  bookseller,  was  the  truly  great  Dr.  Johnson. 
He  loved  to  speak  to  his  friends  of  this  interview, 
which  serves  to  illustrate  the  character  of  a  man,  of 
whom  every  one,  who  has  read,  knows  something. 
When  Mr.  Dilly  invited  Dr.  Ewing  to  dine  with  him, 
he  added,  "  Yon  will  meet  the  great  Dr.  John  .on,  but 
you  must  not  contradict  him;  we  never  contradict 
him."  The  day  arrived,  and  Dr.  Ewing,  on  entering 
the  parlour  of  Mr.  Dilly,  found  several  eminent  lite- 
rary characters  engaged  in  easy  conversation,  which^ 
however,  was  instantly  suspended  when  Dr.  Johnson 
entered  the  room.  There  was  a  general  silfence.  He 
scarcely  noticed  any  one,  but,  seizing  a  book  which 
lay  on  the  table,  read  in  it  attentively  until  dinner  was 
announced.  Here,  every  one  seemed  to  forget  himself, 
and  anxious  to  please  him  by  tlic  most  assiduous  at- 
tentions. He  attended  however  to  nothing  but  his  plate. 
He  did  not  seem  to  know  that  any  one  was  present, 
until,  having  eaten  voraciously  without  exhibiting; 
many  of  those  graces  which  constituted  so  great  a  por- 
tion of  Chesterfield's  moralitj' .  he  raised  his  head  slow- 
ly, and,  looking  around  the  table,  surveyed  the  guests 
for  the  first  lime.  They  were  by  then  engaged  in  a  dis. 
cussion  of  tlie  expected  controversy  with  AmericBj 
and,  as  Dr.  Ewing  had  lately  left  his  native  country, 
he,  with  his  usual  frankness,  and  without  advert- 
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began  to  defend  the  cause  of  the  colonies.  Johnson 
looked  at  him  with  sternness,  and  said,  "  fVhat  do 
"  you  know.  Sir,  on  that  subject?"  Mr,  Dilly's  caution 
was  forgotten,  and  Dr.  Ewing  ealmly  replied,  that 
having  resided  in  America  during  his  life,  he  thought 
himself  quuHlied  to  deliver  his  opinions  on  the  subject 
under  discussion.  This  produced  an  animated  conver- 
sation. Johnson's  prejudices  against  the  Americans 
were  strong;  he  considered  them,  as  he  always  termed 
them,  rebels  and  scoundrels,  and  these  epithets  were 
now  by  no  means  sparingly  used.  It  is  difficult  to  say 
how  f;ir  he  might  have  been  provoked,  by  opposition 
in  argument,  if  a  fortimate  turn  had  not  been  given  to 
ibc  dispute.  Johnson  had  rudely  said,  "  Sir,  what  do 
^u  know  in  America.  You  never  read.  You  have  no 
books  iliere."  "  Pardon  me,  Sir,"  replied  Dr.  Ewing, 
"  we  have  read  the  RamUer."  This  civility  instantly 
pacified  him,  and,  after  the  rest  of  the  company  had 
retired,  he  sat  wilh  Dr.  Ewing  until  midnight,  speak- 
ing amicably  and  eloquently,  and  uttering  such  wis- 
dom as  seldom  falls  from  the  lips  of  man. 

In  the  summer  of  1775,  Dr.  Ewing  returned  to  his 
native  land,  with  a  mind  highly  improved  by  his  tra- 
vels. He  had  directed  his  inquiries  to  the  study  of 
nun,  in  all  the  varieties  which  Great  Britain  and  Ire- 
land  afforded.  He  had  collected  much  information  and 
many  atwcdoles,  \vhich  on  his  return  were  reserved 
for  the  amusement  and  instruction  of  that  social  circle, 
which  he  loved  to  collect  at  his  own  fireside.  His  par- 
lour was  always  the  «ceiie  of  cheerfulness  and  hospi- 
tality. His  finances  indeed  were  nevermore  than  mo- 
derate, but  he  was  always  able  to  furnish  for  his  guests 
something  more  valuable  than  the  delicacies  of  the 
season,  or  the  wines  of  France. 
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War  liad  now  commenced  between  the  Unil 
States  and  Great  Britain,  and  he  adhered  to  the  cause 
of  his  country  with  steadiness  and  zeal.  When  the 
Briush  army  was  expected  in  Philadelphia  in  1777, 
he  removed  his  family  to  his  native  place,  where  he 
continued  to  reside  until  the  city  was  evacuated  by 
Clinton,  immediately  before  his  retreat  through  the 
state  of  New  Jersey  to  New  York.  He  then  returned 
to  his  congregation,  and  in  1779  was  elected  to  Uic 
provostship  of  the  University  of  Pennsylvania,  which 
station  he  filled  until  his  death. 

To  this  station  be  was  fully  competent.  In  all  the 
branches  of  learning  and  science  usually  taught  in  col- 
leges, be  was  uncommonly  accurate,  and  in  his  mode 
of  instruction  and  of  communicating  information  he 
was  probably  never  suqiassed.  On  his  appointment  he 
prepared  the  Lectures  which  are  now  published,  and 
which  be  delivered  to  his  pupils  during  a  period  of 
twenty  years.  They  will  be  found  to  contain  all  that  is 
necessary  for  the  mere  student;  written  in  a  plain  and 
simple  style,  and  arranged  with  great  method  and  per- 
spicuity. As  a  ie;icher  perhaps  no  one  was  ever  more 
beloved.  His  authority  over  his  pupils  »vas  that  of  a 
parent,  and  while  he  maintained  that  discipline  with- 
out which  genius  will  be  wasted,  and  diligence  use- 
less, he  won  their  affection  by  the  mildest  manners. 

All  his  hours  were  now  occupied.  He  attended  at 
the  university  during  the  mornings  and  afternoons  of 
every  day,  and  devoted  his  remaining  time  to  the  du- 
ties of  his  pastoral  charge,  and  a  necessary  attention 
to  his  private  affairs.  These  were  arduous  and  multi- 
plied. Visiting  the  sick,  and  interchanging  with  his 
parishioners  the  visits  of  friendship,  occupied  much 


of  his  time.  And  when  from  ihe  performance  of  these 
duties,  he  retired  to  his  closet,  he  was  obliged  to  pre- 
pare, usually  two,  but  always  at  least  one  discourse 
for  the  approaching  sabbaili.  But  these  difficulties 
yielded  to  his  love  of  method  and  untiring  diligence. 
He  rose  with  the  sun,  and  retired  to  rest  at  a  late  hour 
in  the  night;  yet  his  constitution  was  naturally  &o  ro- 
bust, and  the  care  of  his  health  so  judicious,  that,  dur- 
ing a  period  of  forty  years,  he  was  ne\'er  prevented 
bj'  sickness  from  attending  to  his  pastoral  duties, 

But  these  were  not  his  only  employments.  His  ma- 
thematical reputation  attracted  the  attention  of  liisfel- 
low  citizens,  and  on  various  occasions  he  was  appoint- 
ed to  perform  public  duties.  He  was  one  of  those 
gentlemen  who  were  commissioned  to  run  llie  boun- 
d»ry  line  of  the  state  of  Delaware,  and  to  settle  the 
boundary  line  between  the  states  of  Massachusetts 
and  Connecticut  and  between  Pennsylvania  and  Vir- 
ginia' He  was  also  appointed  in  conjunction  with  the 
late  David  Rittenhouse,  by  the  state  of  Pennsylvania, 
to  survey  the  most  practicable  ground  for  a  turnpike 
road  between  Philadelphia  and  Lancaster.  He  was  a 
distinguisiied  member,  and  for  some  time  one  of  the 
vice-presidents  of  the  American  Philosophical  Society, 
to  which  he  made  several  valuable  communications, 
which  are  recorded  in  the  volumes  of  their  transac- 
tions.* He  also  made  several  valuable  additions  to  the 
astronomical  articles  in  the  American  edition  of  the 
British  EncycIop<edia,    published   by  Mr.    Thomas 

•  The  following  wei'e  the  communications  which  he  made  to 
the  A.  V.  S.  "  An  Account  of  the  Transit  of  Venus  over  the 
«  sun,  June  3cl,  1769,  and  of  the  Transit  of  Mercury.  November 
<<  9ih,  1T69,  both  nBob&erved  in  the  statehouse,  Philadelphia. " 
O  improvement  in  the  construction  of  Godfrey's  Quadrant." 
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Dobson.  About  the  year  1795,  he  commenced  the 
compilation  of  a  course  of  lectures  on  Natural  His- 
tory, for  the  use  of  the  pupils  in  the  university,  and 
made  some  prc^ess  in  the  work,  but  his  health  did 
not  permit  Urn  to  complete  his  plan. 

From  the  year  1779  to  the  time  of  his  death,  his 
life  had  Uttle  variety.  He  continued  to  discharge  the 
various  duties  of  pastor,  preceptor,  liusband,  parent, 
and  friend,  without  making,  as  it  is  believed,  one  good 
man  his  foe.  The  compensation  which  he  received 
from  the  university  and  from  the  church,  although 
not  large,  enabled  him,  with  economy,  to  raise  a  nu- 
merous family,  and  to  acquire  a  moderate  proper^. 
But  he  was  not  versed  in  the  artifices  of  business.  He 
was  a  friend,  and  he  trusted.  He  was  himself  free  from 
guile,  and  therefore  easily  duped,  and  thus,  in  his  old 
age,  he  had  the  mortification  to  see  his  little  proper^ 
swept  from  him  by  those  to  whom  he  had  formerly 
loved  to  render  acts  of  kindness.  Yet  he  did  not  speak 
harshly  of  those  who  had  injured  him.  Some  of  them 
indeed  he  foi^ve,  though  he  could  not  foi^t.  But  for 
the  conduct  of  the  rest,  he  was  always  desirous  to  find 
excuses,  and  he  continued  during  his  life  to  defend 
those  who  could  find  no  other  apologist. 

in  the  summer  of  1796  he  was  attacked  with  a  vio- 
lent disorder,  which  it  required  a  long  time  to  >ub- 
due.  He  never  however  recovered,  fitmi  its  eflfcctat 
but  although  it  left  him  so  feeble  as  to  be  uaaUe  4» 
walk  without  aid,  he  still  penevcwd  m.  pnriiiiala^f 
his  public  duties.    Hb  remaining  strength  began  lo''^ 
Ml  him  during  the  early  part  of  the  year  1 802,  and  in 
the  month  of  August,  he  removed  his  famitefpn  Hlp-' 
count  of  the  yellow  fiivcr  to  the  hotntf'^^^^^^^^ 
Montgomyiy  county,  ia  PttWjliiH 


«n  the  8th  of  September  trf"  that  year,  in  the  71st  year 
of  his  age. 

The  following  sketch  is  extracted  from  a  funeral 
sermon  preached  by  bis  pastoral  successor,  the  rev. 
Dr.  John  Blair  Linn,  on  the  21st  of  November,  1802, 
in  the  first  Presbyterian  Church,  in  the  city  of  Phila- 
delphia. 

"  The  unembellished  incidents  which  have  now 
"  been  narrated  of  Dr.  Swing's  life,  his  reli^ous  and 
**  scientifical  writings;  his  observations  and  deport- 
"  meat  in  the  different  relations  of  society,  declare 
"  that  his  mind  was  uncommonly  strong  and  penetra- 
"  ting,  and  that  be  bad  a  mild  and  correct  taste.  Were 
"  we  to  distinguish  between  his  powers,  we  would 
"  say  that  his  understanding  predominated  over  his 
"  imagination.  He  had  more  the  mind  of  Locke  than 
"  of  Milton.  He  looked  through  nature  more  with  the 
"  eye  of  the  philosopher  than  of  the  poet.  The  sub- 
"  hmer  and  minuter  forms  of  matter  were  objects  of 
"  his  investigation;  and  we  cannot  but  suppose  him 
"  to  have  been  gifted  with  diversified  talents,  who 
"  could  scan  the  illuminated  glories  of  the  heavens, 
**  and  inqxct  the  insect  which  is  only  visible  to  the 
"  microscopic  eye:  We  cannot  but  suppose  that  his 
**  Rsearches  were  extensive,  who  looked  into  the  mind 
"  of  man,  analyzed  his  faculties  and  afiections;  who 
"  mfblded  to  him  the  great  truths  of  his  God,  who 
"  looked  through  the  howling  wilds  and  taught  the 
"  properties  of  the  brutal  tribes,  who  looked  through 
"  the  fields  of  air  and  described  the  race  which  travel 
**  on  the  wing.  In  the  science  of  mathematics.  Dr. 
"  Ewing,  if  not  utirivaUed,  was  unsurpassed  by  any 
"character  in  this  country.  His  knowledge  of  the 
"Icatned  languages  was  rtryc      '~    "- 
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'  brew  language,  which  is  too  often  neglected  by  the 
ministers  of  God  in  the  present  day,  was  one  of  his 
"  favourite  studies.  In  the  mornings  of  his  latter  days, 
"  he  always  read  a  portion  of  the  scriptures  in  their 
"  original  tongue;  and  you  could  seldom  enter  his 
"  room  without  seeing  on  his  couch  beside  him  his 
"  Hibiew  bible.  Hii.  qualifications  as  a  minister  of 
"  the  gospel  were  many  and  eminent.  Science  was  to 
"  him  a  powerful  assistant  in  the  labours  of  his  sacred 
"  office.  She  was  with  him  a  handmaid  to  religion, 
"  and,  aided  by  her,  he  was  an  able  champion  of  the 
"  cross,  both  in  the  advocation  of  its  cause,  and  in 
*'  the  repulsion  of  the  attacks  of  impiety  and  error. 
"  He  was  mighty  in  the  scriptures.  To  the  fountain 
"  of  all  religious  knowledge  he  went  for  instruction. 
"  His  religious  opinions  were  not  so  much  founded 
"  upon  the  systems  written  by  fallible  men,  as  upon 
"  the  scriptures  of  infallibility.  He  adopted  not  Cal- 
"  vin  or  Arminius,  or  Socinus,  but  the  word  of  God 
"  as  his  guide.  He  read,  he  examined,  he  decided  for 
"  himself.  With  the  works  of  commentators  and  sys- 
"  tematical  writers  he  was  familiar;  he  considered 
"  them  as  indispensable  assistants  to  the  student,  but 
'*  his  veneration  for  these  did  not  impress  upon  him 
"  a  blind  obedience  to  their  dictates:  He  was  first 
"  convinced  by  his  own  researches  that  they  corre- 
"  sponded  with  the  sacred  volume,  before  he  acknow- 
"  ledged  their  authority.  His  own  investigation  con- 
"  firmed  him  in  his  belief  of  the  doctrines  of  grace. 
"  These  were  the  doctrines  which  he  preached  and 
"  which  he  endeavoured  to  impress  upon  the  hearts 
"  of  his  people.*  His  discourses  were  written  with 

"  "  Among  Ujc  piacliiral  wrilers  he  ihouglit  that  Doddrid^ 
"  was  the  best:  and  he  thought  thut  the  method  which  he  fol- 


'  accuracy;  the  truths  uhich  they  contained  were  well 
'  examined  and  digested  before  he  ventured  to  offer 
"  them  to  the  public.  He  thought  it  a  duty  which  he 
"  owed  to  his  God  and  his  hearers,  to  think  before 
"  he  spoke,  to  study  and  to  ponder  in  private,  before 
"  he  arose  in  the  presence  of  an  audience  as  the  mes- 
"  senger  from  heaven.  To  God  he  looked  for  aid  and 
"  support;  but  he  looked  for  assistance  in  his  study, 
"  before  he  trusted  to  divine  impulse  in  the  sacred 
*'  desk.  Perhaps  it  may  be  said  with  truth  that  no 
"  minister  in  this  country  has  adopted  a  better  method 
"  of  instruction  than  that  which  distinguished  his  dis- 
"  courses;  and  perhaps  it  may  be  said  that  none  more 
"  fuWy  illustrated  and  confirmed  by  plain  and  decisive 
"  reasoning,  the  passage  which  he  chose  for  discus- 
"  sion.  The  style  in  which  he  embodied  his  concep- 
"  tions  was  always  perspicuous  and  occasionally  orna- 
"  mental.  Ornament  however  he  did  not  often  employ. 
"  He  sometimes  poured  forth  '  thoughts  that  breathed 
"  and  words  that  burned,'  but  his  most  usual  man. 
"  ner  was  sober  and  temperate,  such  as  was  adopted 
"  before  him  by  Tillotson  and  Sherlock.  Mere  decla- 
"  mation  was  never  heard  from  him;  his  discourses 
"  were  always  solid  and  edifying,  and  so  equal  in  the 
■'  scale  of  merit;  that  perhaps  to  no  one  which  he 
**  wrote  in  the  vigour  of  his  mind  could  a  decided 
"  preference  be  given." 

"  His  delivery  was  pleasing  and  happy.  If,  in  his  old 
"■age,  from  debility,  it  was  not  remarkable  for  anima- 
"  tion,  yet  it  was  distinguished  for  correctness,  and 

"lowed  In  hiB  discourses  was  a  good  inoilel  for  the  practical  and 
rout  preacher. 


could  sometimes  touch  the  finest  springs  of  tender, 
"  ness  and  pity.* 

"  The  temper  of  Dr.  Ewing  was  generous,  aiid  not 
"  often  ruffled.  His  manners  and  deportment  were  easy 
"  and  afeble.  Free  from  guile  himself,  he  suspected  not 
"  guile  in  others.  He  had  a  frecness  of  salutation  which 
"  sometimes  surprised  the  stranger,  but  which  was  ad- 
"  mired  by  those  who  knew  him,  as  it  proceeded  from 
"  a  heart  open  and  honest.  His  talents  for  conversation 
"  were  remarkably  entertaining.  From  severer  studies 
"  he  could  unbend,  and  become  the  companion  of  inno- 
''  cent  mirth  and  happy  gaiety.  In  the  house  of  bidden 
"  joy  his  religion  did  not  wear  the  frown;  it  covered  not 
*'  itself  with  the  mantle  of  sorrow,  but  it  taught  turn  to 
"  rejoice  with  those  that  rejoice,  as  well  as  to  wttp 
"  with  those  that  weep.  He  was  perfectly  free  from 
"  pedantry,  and  from  every  thing  that  bore  its  resem- 
"  blance.  In  the  company  of  philosophers,  he  was  in 
"  his  conversation  the  philosopher,  and  with  tlw  un- 
"  lettered,  the  man  of  ease  and  accommodation.  His 
"  talent  of  narration  was  universally  admired.  His  ob- 
"  servation  of  men  and  manners  in  this  coumry  and 
"  abroad  furnished  him  with  many  scenes  and  facts 
"  which  as  painted  and  related  by  him  were  extremely 
"  entertaining.  In  domestic  life  he  was  amiable.  He 
"  had  all  the  heart  of  the  husband;  he  had  all  the  heart 
"  oi'the  parent;  he  had  the  full  heart  of  a  friend;  sur- 
"  rounded  by  a  large  family,  he  had  care  and  tender. 

■  The  discourse  which  he,  not  long  before  his  death,  deliver. 
e.d  from  the  answer  of  Jacob  to  Pharaoh,  bore  wiuieas  to  this 
truth.  The  remarks  which  he  offered  on  life,  and  the  conclu- 
Mona  whicii  he  drew  for  its  improvemeut,  were  conceived  luul 
delivered  with  eloquence.  He  then  spoke  from  the  heart,  and 
impressed  the  hearts  of  his  people  who  saw  in  him  the  venera- 
ble patriarch  bowing  beneath  infirmity  and  years. 


"  ness  for  them  all.  His  affection  for  his  children  wab 
"  such  that,  even  in  his  moments  of  severest  study,  he 
**  received  them  with  smiles,  and  laid  aside  his  books 
'*  to  partake  of  their  infantile  sports. 

"  Dr.  £wing  was  tall  in  his  person,  and,  while  in 
'*  yoiinger  life,  was  handsome  and  graceful.  His  consti- 
*•  tution  was  remarkably  sound  and  strong.  He  was 
"  settled  with  his  congregation  forty  years  without  be- 
"  ing  prevented  more  than  once  or  twice  by  sickness 
"  from  discharging  the  duty  of  his  pastoral  charge.  The 
"  only  serious  disorder  which  he  had,  was  the  one  which 
'*  {u-oved  fatal,  and  which  first  seized  him  (in  1706]  six 
"  years  before  his  death.  After  his  first  attack  he  fre- 
"  qucntiy  preached,  but  never  regained  his  strength  of 
"  body,  or  vigour  of  mind.  In  his  sickness  he  discover- 
"  ed  patience,  fortitude  and  resignation  to  the  will  of 
"  his  heavenly  Father.  No  murmur  escaped  his  lips, 
"  and  his  last  moments  %vere  closed  apparently  without 
"  a  pang  and  without  a  struggle.  In  a  good  old  age,  in 
"liis  sevent}'- first  year,  he  fell  to  the  ground  like  as  a 
**^  thock  qfcom  Cometh  in  his  season,  A  short  time  be- 
"  fore  his  death  he  buried  the  last  of  those  members 
"  of  his  congregation  who  signed  his  call." 
Nin«mI«T  1, 1809 
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INTRODUCTION. 


GENTLEMEN, 

History  informs  us,  that  the  Egyptian  priests,  the 
Persian  magi,  and  Chaldeans,  had  acquired  great  know- 
ledge in  astronomy  and  natural  philosophy  long  before 
the  commencement  of  the  christian  era.  They  cer- 
tainly  carried  geometry  and  mathematics  to  very  great 
perfection.  The  Greeks  were  only  scholars  of  the 
Egyptians;  and  possibly  never  understood  the  first 
principles  of  the  Egyptian  philosophy.  Pythagoras 
seems  to  have  been  the  best  instructed  among  them; 
and  from  the  small  remains  of  his  doctrine,  that  have 
reached  our  time,  it  is  probable  that  the  Egyptians 
were  well  acquainted  with  what  is  now  called  the 
Newtonian  system  of  the  universe;  so  that  we  are  only 
regaining  the  principles  of  physics  which  were  for- 
merly  known,  and  lost  many  ages  ago. 

When  learning  began  to  flourish  in  Europe,  it  re- 
ceived a  severe  and  long  check  from  the  desolations 
of  war,  and  the  irruptions  of  barbarous  nations. 

But  nothing  so  much  prevented  the  propagation  of 
knowledge,  as  the  envious  and  illiberal  craft  of  the 
heathen  and  popish  priesthood.  To  secure  their  in- 
fluence over  the  common  people,  they  confined  all 
learning  to  their  own  order;  communicating  their 
knowledge  only  to  the  initiated^  i.  e.  such  only,  as  had 
given  sufficient  proofs  of  their  fidelity  and  tacitumitv, 
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after  a  long  and  severe  trial.  They  proscribed  all  books, 
that  might  propagate  real  and  useful  knowledge,  which 
were  accordingly  ordered  to  be  brought  in  and  burnt; 
as  it  was  deemed  an  unpardonable  sin  to  read  them. 
Whoever  attempted  to  put  mankind  upon  a  free  and 
impartial  inquiry  into  the  truth  of  popular  opinions 
was  sure  to  undergo  a  cruel  and  unmerciful  persecu- 
tion. Socrates,  justly  accounted  the  wisest  and  best 
man  that  ever  appeared  in  the  heathen  world,  was  per- 
secuted and  condemned  to  death,  as  an  enemy  to  the 
established  religion  of  his  country,  and  a  corrupter  q{ 
the  morals  of  the  youth.^Copemicus,  whq  revived  the 
ancient  system  of  Pythagoras,  which  was  afterwards 
(demonstrated  by  sir  Isaac  Newton,  dared  not  to  pub- 
lish his  opinions,  till  near  his  death,  when  he  thought 
himself  nearly  beyond  the  reach  of  their  persecution. 
Qalileo,  who  first  applied  the  telescope  to  astronomi- 
cal puq)oscs,  thereby  confirmed  this  system.  The  no- 
bility and  gentry  of  Italy  flocked  to  his  house  to  view 
the  planets;  and  they  saw  with  their  own  eyes,  that  the 
planets  were  round  globular  bodies,  similar  to  our 
earth,  and  the  satellites  of  Jupiter,  revolving  round 
him  in  the  same  manner  as  the  moon  revolves  round 
our  earth,  while  both  these  primary  planets  regarded 
the  sun  as  the  center  of  their  annual  motions.  The 
priests,  who  had  engrossed  all  the  schools  of  Europe 
into  their  hands,  and  could  not .  bear  to  be  convicted 
of  teaching  errors  in  philosophy,  were,  soon  alarmed 
and  clapped  this  heretical  astronomer  into  the  inqui- 
sition; where,  to  free  himself  from  the  rack,  he  was 
obliged  to  recant  and  deny  the  truth  of  what  he  and 
many  thousands  had  seen  with  their  own  eyes. 

Knowing  the  importance  of  instilling  strong  preju- 
dices into  tender  minds,  and  the  force  of  these  early 
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prejudices,  during  the  whole  course  of  life,  they  en- 
grossed  the  education  of  youth,  solely  into  their  o\yn 
hands,  in  all  the  schools  of  Europe.  And  to  divert  the 
inquisitive  mind  from  the  search  after  real  knowledge, 
which  would  soon  overthrow  a  dominion,  which  was 
only  supported  by  the  ignorance  of  the  people,  they 
introduced  into  their  schools  a  kind  of  learning  of 
things,  which  existed  nowhere  but  in  their  own  ima- 
gination: abstracted  notions,  a  multiplicity  of  terms 
and  hard  words  which  have  no  meaning  but  to  cover 
ignorance,  perplexed  definitions,  distinctions  without 
a  real  difference,  and  endless  disputes  about  myste- 
rious trifles,  of  no  real  use  either  to  the  promotion  of 
knowledge,  or  the  advancement  of  human  happiness^ 
Thus  the  schoolmen  continued  dictators  in  the  re- 
public of  literature  for  many  ages.  The  master,  with 
an  air  of  confidence,  asserted  the  unintelligible  doc- 
trine; and  the  unenlightened  pupil  received  it  with  all 
the  submission  that  was  due  to  an  irresistible  demon- 
stration;  until  the  reformation  in  religion  took  place, 
and  many  countries  shook  off  the  authority  of  the  pope; 
which  unfettered  the  human  mind,  and  introduced  a 
more  free  and  rational  method  of  investigation.  In  the 
year  1640  Rene  Descartes  published  his  philosophy, 
and  asserted  boldly,  that  we  must  receive  nothing  in 
philosophy,  upon  mere  authority;  but  on  the  contrary 
must  doubt  of  every  proposition,  until  we  have  suffi- 
cient evidence  of  its  truth.  He  has  the  honour  of  in- 
troducing a  more  safe  and  liberal  method  of  philoso- 
phizing, and  thereby  of  paving  the  way  for  all  the 
discoveries,  that  have  since  been  made  in  physics.  He 
indeed  carried  the  humour  of  doubting  a  little  too  far. 
The  only  self-evident  proposition,  which  he  admitted, 
\vas,  "  I  thinks  therefore  I  am,^^  But,  certainly  I  can 


no  more  doubt  of  your  existence,  \vho  sit  before  me, 
than  I  can  of  my  own.  He  had  not  the  advantage  of 
the  accurate  observations  and  numerous  experiments, 
that  have  been  since  made,  whereby  the  falsehood  of 
many  received  errors  has  been  detected,  and  many 
phenomena  discovered,  of  which  he  had  no  knowledge. 
It  is  no  wonder,  then,  thai  he  should  have  failed  in  his 
solution  of  many  phenomena;  and  that  his  system  of 
physics  should  appeal',  at  this  day,  rather  an  agreeable 
romance,  than  a  true  history  of  nature  and  her  opera- 
tions. However,  he  had  the  honour  of  exciting  that 
passion  for  new  discoveries,  and  that  liberty  of  philo- 
sophizing, which,  from  his  time  to  the  present,  has  so 
much  advanced  the  general  interests  of  learning;  and 
he  was  the  first,  among  the  moderns,  who  made  UK 
of  geometry  in  physical  researches. 

This  unusual  liberty  of  investigation,  in  philost 
cal  matters,  alarmed  the  schoolmen,  whose  assertioi 
had  hitherto  passed  for  deniojistrations,  on  the  single 
authority  of  their  names;  and  who  could  not  bear  to 
be  convicted  of  teaching  errors  and  trifling  fooleries, 
instead  of  substantial  knowledge.  And  as  they  were 
not  able  to  withstand  the  force  of  his  demonstrations, 
these  zealous  doctors  had  recourse  to  an  easier  method 
of  suppressing  the  progress  of  his  philosophy,  which 
was,  to  brand  him  with  the  odious  name  of  an  inlidel 
and  atheist;  and  tlicreby  to  excite  the  indignation  of 
an  enraged  populace  against  him;  at  the  same  time 
that  they  petitioned  the  parliament  of  Paris,  to  inter- 
pose with  their  autiiorily,  to  put  an  eifectual  stop  to 
tlie  further  spreading  of  his  dangerous  heres)'. 

Had  this  excellent  philosopher  adhered  to  his  own 
rules,  he  would  have  made  much  greater  progress  in 
the  knowledge  of  nature.  But  he  made  too  hasty  tran- 
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sitions  from  his  first  and  slightest  observations,  to  ge- 
neral axioms;  which  he  adopted  as  certain  und  general 
principles  wilhout  aiiy  farther  examination:  whereas 
he  should  have  proceeded  cautiously,  step  by  step, 
and  have  reserved  ihe  most  general  principles,  for  the 
lasi  lestik  of  his  inquiries.  Philosopliers,  after  him, 
proceeded  with  Mill  greater  negligence,  in  the  inves- 
tigation of  natural  causes,  and  therefore  contributed 
but  very  little  to  the  increase  of  real  and  useful  know- 
ledge. 'I'he  custom  was  too  general,  to  i'rame  hypothe- 
ses  and  conjectures;  and  if  upon  comparing  them  with 
the  phenomena  that  first  occurred,  there  appeared 
some  kind  of  agreement,  it  was  held  sufficient.  Yet 
nothing  less  was  undertaken  than  the  fabrication  of 
whole  systems,  and  the  immediate  fathoming  of  the 
greatest  depths  of  nature:  as  if  the  secret  causes  of 
natural  efiects,  contrived  by  nifinite  wisdom,  could  be 
searched  out  by  the  slightest  endeavours  of  our  weak 
and  shallow  understandings.  Whereas  the  only  me- 
thod, th:it  can  afford  us  any  good  prospect  of  success 
is  to  make  our  inquiries  with  the  greatest  caution,  and 
by  slow  degrees.  And  after  all  our  care  and  labour, 
in  explaining  the  works  of  the  incomprehensible  ar- 
chitect, we  may  rationally  expect  that  the  greatest 
part  of  nature  will  forever  remain  beyond  our  reach. 

When  false  axioms  or  fundamental  principles  are 
thus  incautiously  adopted,  without  sufficient  examina- 
tion, and  objections  dgatnst  them  arc  evaded  by  frivo- 
lous distinctions,  the  united  endeavours  of  future  ages 
cannot  make  this  erroneous  method  of  investigation 
successful,  unlit  the  original  error  be  corrected.  This 
neglect  of  the  proper  means  to  eidarge  our  knowledge, 
and  presumption  to  attempt,  what  was  beyond  the 
reach  of  our  limited  faculties,  lord  Bacon,  that  accii- 
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rate  pliUosopher,  judiciously  observes  to  be  the  prin- 
cipdi  obstruction  to  the  progress  of  science.  In  the 
spacious  fields  of  nature,  if  once  we  forsake  the  true 
path,  wc  are  in  the  most  imminent  danger  of  wander- 
ing on  in  uncertainly  and  error:  and  even  when  we  set 
out  in  the  true  way  of  philosophical  inquiry',  we  are 
apt  to  be  entangled  in  various  errors,  from  the  preju- 
dices to  which  the  human  mind  is  subject  throu^ 
the  very  condition  of  humanity,  from  tht-  weakness  of 
our  senses  and  faculties,  from  the  authority  of  great 
names,  from  our  partiality  for  ourselves  and  our 
own  inventions  or  opinions,  and  from  a  lax  and  uide- 
finite  use  of  words  in  common  conversation:  so  thai 
even  a  strict  definition  of  the  terms  we  use  can  hardly 
remedy  this  inconvenience.  These  are  fruitful  sources 
of  philosophical  errors:  and  the  unphilosophical  me- 
thod, of  establishing  fundamental  principles  from  a 
few  hasty  observations  and  experiments,  is  so  far  from 
assisting  us  in  overcoming  these  prejudices,  that  it  h 
rather  calculated  to  rivet  them  more  firmly  in  the 
mind. 

What  else  but  mistukes  and  errors  can  this  boU 
and  presumptuous  treatment  of  nature  produce?  Have 
we  the  wisdom  necessary  to  frame  a  world,  that  we 
should  think  it  so  easy  a  matter  to  enter  into  the  se- 
cret springs  of  nature,  and  to  discover  the  original 
causes  of  her  hidden  operations?  What  chimeras,  what 
monsters,  has  not  this  preposterous  method  produced? 
What  schemes  and  hypotheses  of  the  subtilcst  wits, 
has  not  a  stricter  inquiry  into  nature  overthrown  and 
manifested  to  be  ridiculous  and  absurd?  Everj'  new 
discovery  lets  us  see  more  and  more  of  the  weakness 
of  our  faculties,  and  the  absurdity  of  our  guesses. 
Or.  Harvev,  by  that  one  discovery-  of  the  circulation 


I  blood,  has  dissipated  all  the  speculations  and 
seasoning^  of  mnny  ages,  upon  the  animal  economy. 
AsseUius,  by  detecting  llie  lacteal  veins,  showed  how 
link-  grounds  physicians  and  philosophers  hyd  for  con- 
jecturing that  the  nutritive  part  of  the  alimtnt  was 
absorbed  by  the  mouths  of  the  veins  spread  upon  the 
bowels.  And  Pecquet,  by  finding  out  the  thoracic  duct, 
as  evidently  proved  the  vanity  of  the  opinion,  that  the 
alimental  juice  was  immediately  conveyed  into  the 
iiver,  and  there  converted  into  blood. 

As  these  things  show  us  the  great  absurdity  of  pro- 
ceeding on  conjectures  in  philosopliy  by  informing  us 
how  far  the  operations  of  nature  are  above  our  shallow 
conceptions;  so  on  the  other  hand,  the  instances  of 
success,  we  meet  with  in  a  more  judicious  method, 
show  us  that  our  bountiful  Creator  has  not  left  us 
wholly  without  the  means  of  delighting  ourselves  with 
the  contemplation  of  his  wisdom!  And  what  surpri- 
sing ndvuiicemcnts  in  the  knowledge  of  nature  may 
be  made  by  philosophical  inquiries,  by  pursuing  a 
proper  course,  when  these  searches  are  conducted  bj 
a  genius  equal  to  so  divine  a  work,  will  be  best  under- 
stood by  considering  the  discoveries  of  the  incompa- 
rable sir  Isaac  Newton.  And  that  we  may  have  as 
good  an  idea  as  we  can,  of  these  discoveries,  which 
have  laid  open  to  us  more  of  the  secrets  of  nature, 
than  was  known  before  him,  I  must  beg  your  atten- 
tion to  the  principles,  on  which  he  proceeds.  For 
without  a  clear  conception  of  these,  it  is  impossible  to 
form  any  true  idea  of  the  singular  excellence  of  the 
inventions  of  this  great  philosopher. 

The  principles  of  the  philosophy,  we  arc  about  to 
expliun^  are,  upon  no  consideration,  to  indulge  conjee- 

^-concerning  the  power  and  laws  of  nature,  but  to 


use  our  utmost  endeavours  to  investigate  the  true  laws 
by  which  the  conslitution  of  things  is  regulated.  The 
philosopher's  first  business  is  to  distinguish  between 
what  is  within  his  power,  and  what  is  beyond  his 
reach;  to  assume  no  greater  degree  of  knowledge,  than 
what  he  already  has;  but  to  advance,  by  slow  and  cau- 
tious steps,  in  the  search  of  natural  causes;  and  to  se- 
cure to  himself  the  knowledge  of  the  most  immediate 
cause  of  any  phenomenon,  before  he  extends  his  views 
farther  to  causes  more  remote.  This  is  the  method,  in 
which  philosophy  ought  to  be  cuUivaled.  Nor  has  the 
philosopher  any  reason  to  be  ashamed  that  he  knows 
no  more  tlian  the  immediate  cause;  since  he  may  make 
very  useful  deductions  from  the  degree  of  knowledge 
he  has  already  acquired;  aiid  by  proceeding  cautiousJy 
and  slowly  he  may  at  length  arrive  at  the  ex  tent  of  bis 
wishes.  If  he  have  sufUciently  discovered  and  proved 
any  one  cause,  he  has  so  far  entered  into  the  real  con- 
stitution of  things,  and  has  laid  a  safe  foundation,  Ibr 
supporting  and  facilitating  the  labours  of  others,  in 
their  search  after  more  distant  causes;  while,  in  the 
mean  time,  he  may  apply  his  knowledge  to  useful 
purposes.  It  was  no  unuseful  discovery,  that  the  as* 
eent  of  water  in  pumps  was  owing  to  the  pressure  of 
the  air  by  its  weight  or  spring;  although  the  causes, 
which  render  the  air  heavy  and  clastic,  are  yet  un- 
known. For  although  we  are  ignorant  of  the  original 
from  whence  these  powers  of  the  air  arc  derived,  yet 
the  bare  knowledge  of  these  powers  will  afford  us 
much  advantage.  \Vhen  we  know  with  certainly  the 
degree  of  force,  with  which  they  act,  we  may  know 
the  utmost  that  is  to  be  expected  from  them,  and 
be  prevented  from  spending  much  time  and  labour, 
in  vain  attempts,  to  perfect  these  machines,  beyond 


the  limits  "prescribed  to  them  by  nature,  or  to  raise 
water  to  a  greater  height,  thin  the  known  weight  or 
spring  of  the  air  c^n  sustain.  A  notable  example  of 
this  you  have,  in  the  fruitless  endeavours  of  philoso- 
phers to  perfect  the  refracting  telescope,  by  grinding 
the  glasses  into  various  new  figures,  until  sir  Isaac 
Newton  demonstrated  that  they  were  limited  by  ano- 
ther cause,  than  was  suspected  before,  namely  the 
diflb'ent  refrangibility  of  the  rays  of  light,  and  not  by 
the  figure  of  the  glasses.  This  discovery  caused  every 
optician  and  even  sir  Isaac  Newton  himself  to  despair 
of  perfecting  the  refracting  telescope,  and  set  them 
upon  the  construction  of  reflectors,  until  another  dis- 
covery, of  tlie  different  refracting  and  dispersing  pow- 
ers of  difierent  kinds  of  glass,  was  made  by  Mr.  Dol- 
land,  which  has  since  enabled  him  to  bring  them  to 
the  wished  for  perfection. 

But  farther,  it  was  no  trifling  discovery,  that  the  con- 
traction of  the  muscles  of  animals  put  their  limbs  in 
motion;  though  the  original  cause  of  that  contraction 
remains  still  a  secret:  as  it  has  given  rise  to  many  cu- 
rious speculations  on  the  force  and  dispositions  of  the 
muscles,  and  opened  a  wide  prospect  into  the  wisdom 
and  goodness  of  the  Creator  discoverable  in  the  animal 
economy.  And  the  discovery,  that  the  nerves  have  a 
considerable  share  in  this  action,  leads  us  a  step  near- 
er to  the  original  cause,  gives  us  a  more  enlarged  view 
of  the  subject,  and  affords  considerable  assistance  in 
restoring  this  motion,  when  it  is  impaired,  by  point- 
ing out  the  scat  of  the  injuries  to  which  it  is  exposed. 
Now  to  neglect  all  these  discoveries,  because  we  can-, 
not  advance  farther,  is  plainly  ridiculous. 

Est  aliquid  prodire  lenus,  si  Don  datur  ultra.    Hor. 
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It  is  acknowledged  by  all,  that  Galileo  greatly  iat- 
proved  philosophy  by  sho\ving  that  the  power  which 
we  call  gravity,  causes  bodies  to  descend  to  the  earth 
with  an  accelerated  velocity,  and  to  describe  the  curve, 
called  a  parabola,  when  projected  forwards;  yet  we  arc 
ignorant  of  the  cause  of  gravity,  or  what  makes  a  bo- 
dy  heavy.  But  although  we  are  unacquainted  with  the 
secret  spring  of  this  power,  we  can  estimate  its  effects, 
and  derive  many  signal  advantages,  in  the  art  of  gun- 
nery and  the  motion  of  spouting  fluids,  from  tlie  know- 
ledge we  have  already  obtained.  Sir  Isaac  Newton 
has  greatly  increased  our  knowledge  of  the  solar  sys- 
tem, by  demonstrating,  upon  indi.'jpu  table  geometri- 
cal principles,  that  this  power  of  gravitation  extends 
to  the  moon  and  to  the  most  distant  body  iii  the  solar 
system,  regulating  and  determining  ;ill  their  compli- 
cated motions.  As  Galileo  laid  open  the  eHlcls  of  this 
unknown  power  in  the  motion  of  bodies  near  the  sur- 
face of  the  eurth,  more  fully  than  any  philosopher  be- 
fore his  time;  the  towering  genius  of  the  incomparable 
Newton  pursued  it  through  all  the  planetary  regions, 
nay  to  the  most  distant  retreats  of  the  flaming  comets, 
and  thereby  exhibited  the  various  intricacies  of  their 
motions  to  open  view,  which  no  astronomer  from  ob- 
servation alone  could  ever  have  explained:  as  they 
never  dreamt  of  the  cause,  and  consequently  never 
examined  the  principle,  by  which  all  their  motions 
were  governed. 

Yet  still  we  remain  ignorant  of  the  cause  of  gravi- 
tation,  and  cannot  tell  whether  it  be  an  essential  pro- 
perty  of  all  matter,  or  is  only  produced  by  the  opera- 
tion of  some  cause,  which  is  hiUierto  undiscovered. 
But  because  the  proper  method  of  philosophizing,  in 
the  investigation  of  natural  causes,  requires  that  we 
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ahoald  not  indulge  groundless  conjectures,  but  rather 
keep  within  the  extent  of  our  faculties,  and  be  more 
ready  to  acknoirledge  their  weakness  than  to  conceal  it . 
under  tlie  Tain  ostentation  of  hard  names,  occult  quali- 
ties,  and  groundless  hypotheses, — shall  we  therefore 
reject  the  evident  advantages  we  have  derived  in  geo- 
graphy, navigation  and  astronomy,  merely  because  we 
are  not  able  to  account  for  the  operation  of  this  wonder- 
liil  principle?  No:  rather  let  us  thankfully  receive  the 
improvements  that  have  been  made,  and  proceed  with 
the  same  caution  and  circumspection,  in  the  invest!^ 
gadon  of  the  hidden  powers  of  nature,  which  has 
enabled  others,  and  particularly  the  prince  of  philoso- 
phers, the  great- sir  Isaac  Newton,  to  make  such  ama- 
zing* prpgrrss  in  the  knowledge  of  nature. 

Although  from  his  accurate  observations,  sir  Isaac 
Newton  found  reason  to  conclude  that  gravitation  was 
a  universal  property  belonging  to  all  the  perceptible 
bodies  in  the  universe,  and  to  every  particle  of  matter; 
yet  he  nowhere  asserts  this  property  to  be  essential, 
bat  on  the  contrary  has  given  some  hints  as  to  the 
cause  of  it;  which  he  has  left  for  the  investigation  of 
others.  It  is  extremely  difficult  to  determine  what 
properties  are  essential  to  matter,  and  what  depend 
upon  the  frame  and  composition  of  bodies  alone:  what 
properties  belong  to  every  particle  of  matter  however 
altered  and  changed  by  composition  or  dissolution, 
and  what  only  arise  from  the  union  and  composition 
of  these  particles  with  other  portions  of  matter.  And 
sbce  vre  have  no  other  method  of  making  discoveries 
m  philosophy,,  but  by  gradual  inquiries  into  nature, 
we  must  first  admit  all  the  properties  we  observe,  and 
then  endeavour  carefully  to  distinguish  between  those, 
wherewith  the  verv  substances  themselves  are  in- 
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clued,  aiid  those,  which  only  exist  iii  appearance;  while 
this  appearance  al  the  same  time  depends  upon  the 
structure  of  compound  bodies.  And  we  mubt  never 
forget  diat  as  somr  of  the  properties  of  matter  have 
been  gradually  discovered  from  time  to  time,  more  of 
tliem  may  yet  bt  found  out,  by  the  researches  of  fu- 
ture philosophers;  and  that  possibly  we  are  not  provi- 
dcd  with  sufficient  methods  of  perception,  to  discover 
them  all.  But  still,  whatever  properties  occur,  whose 
existence  we  have  fully  and  clearly  proved,  are  to  be 
considered  as  the  proper  objects  of  natural  philoso- 
phy; the  design  of  which  is  to  explain  the  various 
phenomena  of  the  natural  world.  And  it  is  the  busi- 
ness of  the  philosopher,  by  the  most  accurate  and 
careful  methods  in  his  power,  to  distinguish  bcttveen 
those,  that  are  original  and  essential  to  every  particle 
of  matter,  and  those,  that  may  be  derived  from  the 
operation  of  some  more  remote  cause,  perhaps  yet 
unknown  to  him  and  the  world. 

In  this  method,  we  shall  endeavour  to  conduct  your 
inquiries  into  the  laws  of  nature;  and  give  you  such 
solutions  of  the  various  phenomena,  that  we  observe 
in  the  material  world,  as  have  been  generally  received 
by  philosophers  of  the  most  approved  characters;  re- 
questing you,  in  the  mean  time,  to  adroit  of  no  solu- 
tion, but  what  appears  to  be  founded  on  the  establish- 
ed principles  and  properties  of  matter,  and  sufficiently 
confirmed,  by  an  adequate  number  of  observations 
and  experiments.  And  although  we  shall  meet  with 
many  phenomena  in  this  extensive  science,  which  wc 
are  yet  unable  to  explain;  yet  we  hope  to  lay  before 
you  die  first  principles  of  natural  philosophy,  and  to 
give  you  so  many  solutions,  in  its  various  branches, 
.-rs  «'Ul  be  sy^citnt  to  open  to  your  view  the  conduct 


of  nature  in  her  leading  operations;  to  give  you  a  re- 
lish for  philosophical  incjuiries;  and  to  excite  tliat 
thirst  for  farther  invcstigalions;  by  which  a  foundation 
may  be  laid,  for  your  future  additions  to  the  stock  of 
general  knowledge,  and  your  acquiring  the  singular 
honour  of  becoming  the  p.'lrons  of  science,  the  orna- 
ments of  the  republic  of  letters,  and  the  benefactors 
of  mankind. 

And  there  is  ample  room  for  the  exercise  of  the 
most  penetrating  genius,  and  unwearied  application. 
There  is  more  in  a  single  vegetable,  than  has  yet  been 
adequately  accounted  for  by  the  ablest  philosopher 
thai  ever  lived.  And  when  you  survey  the  extensive 
fields  of  useful  knowledge,  which  are  opening  to  your 
investigation,  through  the  unexplored  deserts  of  this 
new  world,  and  the  improvements  that  are  daily  ma- 
king by  the  sons  of  science,  you  must  naturally  feel 
your  hearts  swell  with  an  honest  and  laudable  anibi- 
tion,  to  distinguish  yourselves  amongst  the  most  cel- 
ebrated inventors  of  those  useful  arts,  which  have  a 
tendency  to  embellish  and  exalt  the  understanding, 
alleviate  the  miseries  of  human  nature,  and  promote 
the  happiness  of  mankind.  Animated  with  this  expec- 
tation, 1  cannot  but  promise  myself  your  patient  and 
candid  attention;  and  I  shall  account  myself  happy,  if 
I  shall  be  able,  in  the  course  of  these  lectures,  to  con- 
tribute any  thing  to  the  republic  of  letters,  in  youn 
fiitorc  advancement  and  distinction  in  the  world. 
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LECTURES. 


Natural  experimental  philoaophy  is  a  science, 
which  investigates  the  reason  and  causes  of  the  va- 
rious phenomena  which  occur  in  the  material  worldt 
and  makes  the  truth  of  the  solutions  given,  evident  to 
the  senses,  by  plain  and  adequate  experiments. 

By  the  phenomena  of  nature,  we  mean  all  die  situ- 
ations, motions,  and  appearances  of  natural  bodies^ 
which  are  evident  to  the  senses,  and  not  immediately 
dependent  upon  the  voluntary  agency  of  an  intelligent 
being;  by  which  we  do  not  exclude  those  appearances, 
which  are  found  in  animal  bodies,  so  far  as  they  do 
not  depend  upon  the  volition  of  the  animal,  but  arise 
by  the  instrumentality  of  second  causes.  All  these 
situations  and  motions  are  produced  by  certain  fixed 
and  determinate  rules,  which  are  denominated  the 
tawi  of  nature;  as  they  are  the  invariable  appointment 
of  the  First  Cause  of  all  things,  whereby  he  determined 
that  certain  natural  causes  should  always,  in  the  same 
circumstances,  invariably  produce  the  same  effects. 
And  in  the  production  of  the  effect,  they  constantly 
observe  thb  fundamental  rule:  that  the  effect  shall  be 
[  always  proportionable  to  the  whole  power  and  effi- 
ciency of  the  cause.  Thus  the  same  quantity  of  fire 
always  bums,  by  a  natural  necessity,  with  the  same 
d^ree  of  intensity ;  and  gravitation  always  causes  a 


heavy  body  to  descend  from  a  given  height  with  the 
same  invariable  force.  In  this  consists  the  difference 
between  a  natural  and  aii  intelligent  cause:  as  the  lat- 
ter may  produce  its  effects,  very  much  disproportion- 
ed  to  the  whole  of  its  power.  Thus  a  man  may  raise 
a  greater  or  less  weight,  just  as  he  pleases.  The  one, 
acting  with  evident  design,  may  alter,  increase,  or  les- 
sen the  effect  at  pleasure;  but  the  other,  acting  without 
design,  has  no  such  power  to  alter  the  effects  pro- 
duced. It  is  from  this  invariable  proportion  between 
the  cause  and  the  effect  in  natural  agents  that  we  es- 
timate the  force  of  the  cause,  from  the  known  quan- 
tity of  the  effect,  and  vice  versa;  and  therefore  it  should 
be  carefully  observed,  as  we  shall  have  frequent  occa- 
sion for  it,  in  our  subsequent  lectures,  while  we  en- 
deavour to  investigate  and  ascertain  the  cause  of  any 
particular  effect  from  the  established  proportion  that 
must  subsist  between  them. 

In  the  investigation  of  the  laws  of  nature,  many  phi- 
losophers proceeded  upon  false  and  sophistical  princi- 
ples, until  the  incomparable  Newton  appeared,  and  laid 
down  the  few  following  rules  of  philosophizing;  which 
are  so  plain  and  solid,  as  to  gain  the  approbation  of 
every  intelligent  person,  who  desires  to  make  any  safe 
progress  in  the  knowledge  of  nature. 

1.  That  no  more  causes  arc  to  be  admitted,  ihto 
what  arc  true  and  sufficient  to  explain  the  phenomertEL 

A  variety  of  causes,  to  produce  the  same  effect,  is 
needless,  and  therefore  cannot  be  supposed  to  t^e 
-place,  in  the  workmanship  of  Him,  who  does  nothing 
in  vain.  As  we  have  no  safe  method  of  investigating 
any  cause,  but  by  its  knou-n  effects;  when  one  cause 
is  sufficient  to  explain  the  phenomena,  we  have  no 
Ijoseible  means  of  knowing  that  there  are  two  or  morf  i 
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and  therefore  it  is  iinphilosopliioal,  to  assume  tlic 
BxTty  of  imagining  that  there  really  does  exist  more 
than  one  caus-e  of  the  effect. 

2.  That  natural  effects  of  tlie  same  kind  are  to  be 
ascribed  to  the  same  cause. 

This  is  a  direct  consequence  of  the  first  rule,  and 
needs  only  to  be  explained.  Thus  the  descent  of  heavy 
bodieis  in  different  parts  of  the  world  is  to  be  ascribed 
to  the  same  cause.  Respiration  in  men  aiid  other  ani- 
mals is  to  be  accounted  for  on  the  same  principles. 
The  reflection  of  light  from  different  bodies  is  owing 
to  the  same  cause. 

3 .  That  those  qualities  of  natural  bodies  which  can- 
not be  lessened  or  augmented  in  the  bodies,  on  which 
we  can  make  experiments,  are  to  be  deemed  the  univer- 
sal ((roperties  of  all  bodies  whatsoever.  Without  this 
rule  we  could  make  no  progress  in  the  study  of  na- 
ture. We  have  no  means  of  knowing  the  properties 
of  bodies,  but  by  experiments,  and  from  thence  draw- 
ing conclusions  and  reasoning  by  analogy,  concerning 
bodies  that  are  beyond  the  reach  of  our  examination. 
TTie  only  caution  necessary  in  this  case  is,  that  the 
experiments  and  observations,  from  whence  we  would 
draw  conclusions,  be  numerous  enough;  and  that  pro 
per  regard  be  paid  to  the  objections  that  occur.  This 
is  the  method  of  induction,  which  is  farther  explained 
by  the  following  precept. 

4.  That  whatsoever  is  thus  collected  by  induction 
be  received,  notwithstanding  any  conjectural  hypothe- 
sis to  the  contrary,  until  it  be  contradicted  or  limited 
by  other  more  adequate  observations  on  nature. 

Mere  hypotheses,  the  figments  of  a  warm  imagina- 
tion,  unsupported   by  observation   and   experiment, 
have  no  place  in  the  newtonian  philosophy.  Although 
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the  arg;uing  from  induction  is  no  demonstratioQ  oT 
general  conclusions,  yet  it  is  the  best  that  the  nature 
of  the  thing  admits  of  in  many  cases,  where  mathema- 
tics cannot  be  applied.  It  is  not  therefore  to  be  reject- 
ed, but  used  with  caution,  remembering  that  the  de- 
gree of  evidence  it  affords  is  always  proportioned  to 
the  completeness  of  the  induction. 

If  we  survey  the  material  world  by  these  rules,  wc 
shall  fiTid  that  we  have  no  sufficient  experiments,  to 
prove  that  there  arc  different  kinds  of  matter  in  the 
universe,  but  rather  that  all  the  diversity,  which  we 
observe  in  natural  bodies,  arises  from  the  various  mo- 
difications and  different  connexions  of  the  same  |Hi- 
mogenial  particles;  as  all  bodies,  on  which  experiment* 
have  been  made,  may  be  reduced,  by  a  chemical  ana- 
lysis, partly  into  water,  or  air,  or  oil,  or  earth,  or  salt: 
which  have  therefore  been  denominated  the  five  ele- 
ments or  principles  of  all  bodies;  yet  all  these  original 
particles  of  matter  have  the  same  common  properties. 

Matter  thus  variously  modified  is  found,  as  far  as 
our  experiments  reach,  to  be  possessed  of  these  com- 
mon and  universal  properties;  viz.  extension,  so- 
lidity, FICURABILITY,  DIVISIBILITY,  a  CAPACI- 
TY OF  MOTION, av  IS  INERTIA,,  or  power  o(  resisting 
any  effort  to  change  its  state  of  motion  or  rest,  at- 
TKACTioN,  and  repulsion.  These  must  be  explain- 
ed. 

Extension  is  that  property  of  body,  whereby  it 
occupies  and  fills  a  certain  portion  of  space,  which 
portion  is  denominated  the  place  of  the  body.  If  this 
extension  lie  in  one  direction  it  is  called  a  line;  if  in 
two,  a  superficies;  and  if  in  three,  it  is  termed  a  solid- 
It  is  this,  that  constitutes  the  magnitude  of  a  body: 
and  as  all  bodies,  on  which  we  can  make  experiments,. 
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«e  evidently  possessed  of  this  property,  we  conclude, 
by  the  third  and  fourth  rules  of  philosophizing,  that 
the  stars  have  this  property  also;  although  no  experi- 
ments  confirm  it;  as  our  best  telescopes  leave  them 
without  any  sensible  magnitude,  and  represent  them 
as  shining  points.  The  sensible  magnitude  which  they 
seem  to  have  to  the  naked  eye  is  only  an  optical  illu* 
sion;  and  the  smallest  particles  of  matter,  that  float  in 
our  atmosphere,  are  sufficient  to  hide  them  for  a  mo- 
ment from  our  view,  which  by  the  by  occasion  their 
twinkling  appearance. 

Solidity  is  that  property  of  body,  whereby  it  ex- 
cludes every  other  body  out  of  the  same  place  at  the 
same  time.  According  to  this  definition,  the  softest 
bodies  are  equally  solid  with  the  hardest;  as  they  both 
equally  exclude  every  other  body  from  the  place  they 
occupy.  We  acquire  the  idea  of  solidity  only  by  the 
touch,  and  transfer  it  to  such  bodies  as  we  cannot 
feel.  It  does  not  arise  from  the  idea  of  extension:  the 
image  of  an  object,  which  has  no  solidity,  appears 
equally  extended  with  the  object  itself,  and  may  ap- 
pear  also  in  the  same  place.  Air  and  water  are  equally 
sdid  with  the  hardest  metals. 

FiGURABiLiTY  is  that  property  of  body,  whereby 
it  is  rendered  of  some  particular  shape.  This  quality 
arises  from  its  limited  extension.  Since  matter  cannot 
be  infinite,  it  must  be  circumscribed  within  certain 
bounds,  which  determine  its  figure.  Upon  this  pro- 
perty many  important  phenomena  of  nature  depend. 
Diffisrent  areas  and  magnitudes  may  be  comprehended 
under  the  same  lines  or  superficies.  The  hardness  and 
sdtness  of  bodies  depend  upon  the  different  figures  of 
the  small  particles,  whereby  they  may  touch  in  more 
or  fewer  points.  From  this  property  of  body  also,  we 
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derive  a  probable  argument  for  a  vacuum.  Becauaci^ 
is  demonstrable  from  the  principles  of  geometry,  tfuf 
no  assemblage  of  figures  can  fill  any  given  space, 
without  any  remaining  vacuity,  but  some  one  or  more 
of  the  five  platonic  bodies,  viz.  the  tetrahedron  of  4 
equal  triangular  sides,  the  hexahedron  of  6  equal 
square  sides,  the  octahedron  of  8  equal  triangular 
sides,  tlie  dodecahedron  of  12  equal  pentagonal  sides, 
and  the  Icosahedron  ci  2U  equal  triangular  sides.  Now 
the  asserlors  of  a  plenum  are  under  the  necessity  of 
proving,  that,  although  matter  is  liable  to  an  infinite 
variety  of  forms,  yet  everj-  particle  must  be  of  one  or 
other  of  the  five  above  mentioned;  for  otherwise  there 
must  of  necessity  be  a  vacuum. 

DivrsiBiLiTv  is  that  property  of  body,  whertb)' 
its  parts  arc  separable  from  each  other.  That  ntattcr 
is  divisible  ad  infinitum  is  capable  of  being  demon- 
strated various  ways.  Let  a  given  particle  be  pliced 
between  two  parallel  lines;  and  from  a  given  point  in 
one  of  them  let  diagonal  lines  be  drawn  to  the  other 
crossing  and  dividing  the  given  particle  of  matter. 
Now  it  is  evident  that  the  longer  these  diagonal  lines 
are,  the  more  of  the  particle  will  be  divided  off,  and 
yet  that  they  never  can  coincide  with  the  parallel  line 
from  whence  they  are  drawn,  and  therefore  can  never 
pass  through  the  extremity  of  llic  particle  and  divide 
it  off. 

This  is  true  in  theory;  and  in  many  of  the  opera^ 
tions  of  nature  and  art  we  obsen'e  surprising  divisions 
of  matter  into  its  minute  parts.*  What  an  inconcciv- 

*  One  gi-ain  nf  gold  may  be  divided  into  tno  millions  of  parts; 
and  a  cubic  inch  into  nearly  nine  billions  and  five  hundred  and 
rwenty  four  millions  of  pans,  each  distinctly  visible  lo  the  naked 
tyt.  If  a  cubic  Inch  ivcre  divided  imo  a  million  of  parts,  each  of 
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able  Tuitnbet  bf  jitftidds  floW  frdm  aii  odoriferous 
body,  for  many  dayii  together,  without  any  sensibte 
diminution  of  its  weight  or  bulk?  How  minutely  are 
the  particles  of  tallow  divided,  that  are  emitted  from 
a  lighted  candle  iil  a  single  vibration?  As  a  candle  can 
be  seen  at  the  distance  of  four  miles,  the  flaming  par- 
ticles of  tallow  are  disseminated  through  a  sphere  of 
eight  miles  in  diameter  in  an  instant.  A  single  grain 
of  copper  dissolved  in  the  spirit  of  sal  ammoniac  and 
fluted  with  water,  is  thereby  divided  into  many  mil- 
lions of  times  its  own  bulk,  and  tinges  the  whole.  A 
grain  of  gold  may  be  beaten  into  fifty  inches  square 
and  then  divided  into  two  millions  of  visible  parts: 
and  by  the  help  of  a  microscope  which  magnifies  the 
diameters  of  objects  but  140  times,  this  grain  may  be 
divided  into  40  thousand  millions  of  parts.  Nay  a 
grain  of  gold  may  be  divided  into  twenty  times  the 
number  above  mentioned,  by  first  gilding  the  eighth 
part  of  an  ounce  of  silver  with  it,  and  then  drawing  it 
out  into  a  wire  of  more  than  seventeen  hundred  feet 
long.  By  the  microscope  we  discover  anithalcules  which 
lie  beyond  the  reach  of  the  most  penetrating  eye;  the 
parUcles  of  whose  circulating  juices  must  be  incon- 
ceivably small;  and  yet  the  particles  of  light  are  as 
much  smaller  than  these,  as  they  are  smaller  than  the 
whole  earth.  For  otherwise,  coming  from  the  sUn  with 

these  parts  would  contain  more  than  two  millions  of  such  parti- 
cles as  a  single  grain  of  copper  might  be  divided  into,  and  yet  all 
be  visible  to  the  naked  eye.  Nay,  if  a  cubic  inch  were  divided  into 
forty  trillions  of  parts,  the  particles  of  some  odoriferous  bodies 
would  still  be  less  than  these.  Take  the  smallest  grain  of  sand 
that  is  visible  to  the  naked  eye,  and  it  would  contain  more  of  the 
globules  that  float  in  the  fluids  of  animalculx  discovered  by  the 
microscope,  than  two  hundred  and  sixty  six  of  the  highest  moun- 
tains in  the  world  would  contain  of  such  grains  of  sand. 
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the  amazing  velocity  of  12  millions  of  miles  in  a  mi- 
nute, ihey  would  tear  in  pieccb  the  tender  coats  of  the 
strongest  eye. 

From  this  infinite  divisibility  of  matter,*  we  deduce 
the  surprising  corollary:  viz.  That  it  is  possible,  that 
any  given  particle  of  matter,  however  small,  may  be 
formed  into  a  sphere,  that  shall  fill  any  given  space, 
however  large,  and  yet  not  leave  a  pore  in  the  whole, 
that  shall  exceed  a  given  magnitude. 

That  matter  is  capable  of  being  moved  or 
translated  from  one  place  to  another,  none  have  ever 
seriously  denied ;  not  even  the  cartesians,  who  not- 
withstanding assert,  that  there  is  no  such  thing  in  na- 
ture as  a  vacuum.  This  property  of  matter,  which  is 
so  evident  to  all  our  senses,  necessarily  proves  that 
there  must  be  some  space  void  of  all  matter:  for  when 
a  body  moves,  it  must  be  either  through  a  space  ab- 
solutely full  of  matter,  or  a  vacuum;  or  at  least  the 
motion  must  be  in  a  circle.  If  the  first  be  asserted, 
then  two  bodies  may  be  in  the  same  place  at  the  same 
time;  which  is  absurd,  and  contrary'  to  all  our  ideas  of 
matter:  and  the  last  is  contrary  to  all  our  experience; 
and  tliercfore  there  must  be  such  a  thing  as  a  va- 
cuum. 

The  VIS  iNEBTijt  of  a  body,  which  may  be  term, 
ed  its  resistance,  is  that  property,  whereby  it  endea* 
vours  to  continue  in  its  state  of  motion  or  rest,  and 
resists  the  actions  and  impressions  of  all  other  bodies, 
which  tend  to  generate  or  destroy  motion  in  it.  This 

*  The  infinite  divisibility  of  matter  is  to  be  considered  as  oaly 
existing  in  the  mind,  where  il  itiEiy  indeed  be  divided  into  a  nuni- 
ber  or  parts  greater  than  any  that  can  be  aseigned.  And  ilic  diffi- 
culty of  conceiving  of  this  proposition  is  no  solid  objection  to  its 
truth- 
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pIBperty  does  not  depend  upon  its  gravity  or  tendency 
(0  its  proper  center.  For  if  there  were  but  one  body  in 
the  universe,  it  would  require  a  certain  degree  of  force 
to  put  it  in  motion,  and  the  same  to  destroy  that  mo- 
lion  again:  and  whether  it  be  acted  upon  by  gravity 
or  not,  it  will,  when  put  in  motion,  pass  over  the  same 
space  in  a  given  lime  in  the  direction  of  the  impressed 
force;  for  otherwise  the  effect  will  not  be  proportional 
to  the  moving  force;  which  must  always  be  the  case. 
Attraction  and  repulsion  are  properties  of 
bodies,  whereby  they  accede  to,  or  recede  from,  each 
other.  This  property  was  originally  given  to  matter 
by  the  omnipotent  power  of  God,  and  does  not  seem 
necessary  to  its  existence.  We  do  not  presume  to  as- 
sign the  cause  of  this  property,  but  only  to  prove  its 
existence  and  reality,  in  all  the  bodies  that  fall  under 
our  notice.  Various  hypotheses  have  been  formed  by 
ingenious  philosophers,  to  account  for  this  strange 
phenomenon;  but  as  they  are  all  unsupported  by  ex- 
periment and  observation,  they  should  have  no  place 
in  a  system  of  philosophy,  which  appeals  to  demon- 
stration and  experiment.  We  cannot  indeed  conceive 
of  a  body  acting  where  it  is  not,  any  more  than  of  its 
acting  after  it  has  ceased  to  exist;  and  therefore  it  is 
supposed  that  there  may  be  some  subtile  aud  elastic 
medium  diffused  through  our  whole  system,  and  per. 
vading  the  pores  of  all  bodies,  by  the  tremors  and  un- 
dulations of  which  the  attractive  and  repulsive  virtue 
of  bodies  is  excited  and  propagated  from  one  to  ano- 
ther. But  however  this  may  be,  it  is  our  business  at 
present  only  to  explain  the  effects  and  laws  of  its  ope- 
ration. In  order  to  which  we  observe, — That  any  power 
or  virtue  proceeding  from  a  body,  in  right  lines  and 
in  all  directions,  must  decrease  in  its  strength  and  in 
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whoK  diameter  is  but  one  half  of  that  quantity.  This  is 

a  necessar}-  consequence  of  that  law, — That  the  power 
of  attraction  is  proportional  to  the  quantity  of  attracting 
surface  in  contact  whli  the  fluid.  Now  according  to 
this  law,  the  smallest  tube  can  raise  but  half  the  quan- 
tity of  fluid  suspended  by  the  other,  as  the  number  of 
the  particles  in  its  internal  circumference  is  but  half 
the  number  of  particles  in  the  other.  But  the  altitude 
of  the  fluid  in  the  lesser  tube  must  be  just  double  to 
wiiat  ii  is  in  the  larger,  in  order  to  have  the  quantity 
in  the  lesser  tube- just  one  half  of  what  it  is  in  the 
larger;  as  the  quantity  increases  witli  the  square  of  Ult 
diameter.  The  whole  fluid  in  the  tube  is  suspended 
by  the  attractive  force  of  a  ring  of  particles  in  the  tube 
near  the  surface  of  the  fluid,  as  the  lower  parts  of  the 
tube  draw  the  fluid  as  much  downwards  as  upwards 
90  that  it  is  of  no  consequence,  what  the  form  of  the 
immersed  part  of  the  tube  may  be,  whether  straight 
or  crooked,  wide  or  narrow.  This  ring  of  partidcs 
having  a  determinate  force  of  attraction,  can  suspdid 
only  a  certain  quantity  of  the  fluid,  whose  gravity  i> 
an  exact  counterpoise  to  the  attraction  of  the  tube. 
Hence  the  decreasing  velocity  of  the  ascending  fluid, 
as  the  quantity  raised  gradually  approaches  nearer  to 
an  equality  with  the  attractive  force  of  the  tube.  The 
same  principle  accounts  for  the  form  of  the  hyperbolic 
curve  in  the  water  rising  between  two  glass  planes  set 
together  in  a  small  angle;  as  every  column  may  be 
considered  as  a  capillary  tube,  difil-ring  in  diameter 
from  the  contiguous  column,  according  to  its  distance 
from  the  angular  point  of  the  planes, 

i"he  capillary  syphon  works  by  the  same  laws,  that 
are  observed  in  a  capillary  tube,  raising  the  fluid  to 
the  bend  of  the  syphon,  by  the  force  of  corpuscular 


gttraction;  and  the  same  power  continuing  to  exert  its 
ener^'  in  conjunction  with  the  gravity  of  the  fluid, 
causes  the  fluid  to  descend  through  the  longer  leg  of 
the  syphon  till  the  whole  be  decanted. 

The  pbilter  is  only  a  compound  capillary  syphon, 
the  threads  of  which  it  consists  lying  near  together 
form  long  slender  vacuities,  resembling  so  manj-  ca- 
pUlary  tubes,  which  atinict  and  raise  the  fluid.  The 
wick  of  a  candle  or  lamp  is  no  other  than  a  philter, 
which  attracts  the  piuticies  of  oil  or  melted  tallow. 
Such  also  are  the  tubular  fibers  in  the  roots  of  trees 
and  vegetables,  which  act  as  so  manv  philters,  attract 
the  moisture  of  the  earth,  and  imbibe  the  nutritive 
juices  destined  for  the  growth  of  vegetables.  'i 

Thus  also  the  fine  ramilieations  of  the  lacteal,  lyiw- 
phatic  and  sanguiferous  vessels,  disposed  through  all 
the  substance  of  the  glands  and  viscera,  are  so  many 
fine  capillary  tulies,  which  assist  the  circulation  of  the 
blood  and  juices  in  an  animal  body,  in  order  to  their 
various  secretions;  which  is  an  effect  supposed  vastly 
too  great  for  the  pulsive  force  of  the  heart. 

Hence  too,  the  more  subtile  parts  of  medicines, 
used  for  the  cure  of  diseases,  are  incorporated  with  tlie 
juices  of  the  body,  being  attracted  and  carried  to  the 
remotest  members  by  the  force  of  these  capillary  tubes. 
Thousands  of  these  vessels  terminating  in  the  pores 
of  the  skin,  conduct  the  juices  to  the  surface  of  the 
body,  where  they  must  be  expressed  by  the  action  of 
the  solids,  and  appear  on  the  skin  in  large  drops  of 
sweat,  or  being  greatly  rarified  by  the  natural  heat  of 
the  body,  are  attracted  by  the  air,  and  carried  ofi"  in 
•n  imperceptible  vapour,  called  the  insensible  perspi- 
ration. 
I^Bhe  motion  of  a  drop  of  oil  towards  the  angul»' 
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point  of  two  planes,  or  in  a  tapering  tnbe  towards  the 
smaller  end,  shows  the  constniclion  and  operation  of 
the  inhaling  vessels  of  the  skin.  The  larger  orifice  of 
these  vessels  terminating  in  the  surface  of  the  body, 
attract  and  inhale  the  humid  particles  that  either  float 
in  the  air,  or  otherwise  come  into  contact  with  them, 
and  convey  them  to  the  internal  parts  of  the  body- 
Hence  we  sec  the  rationale  of  all  external  applications 
in  the  cure  of  diseases,  and  the  way  of  receiving  infec- 
tious disorders. 

The  air  is  frcqucnlly  impregnated  with  particles  of 
a  poisonous  quality  collt-cted  from  different  vegetables, 
stagnant  waters,  putrefying  animals,  infirmaries,  hos- 
pitals, ships,  gaols,  and  the  private  chambers  of  the 
sick,  wliich  are  peslllenlial  to  the  human  frame,  and 
contain  all  the  seeds  of  diseases,  to  which  the  animal 
economy  is  subject;  and  which  being  mixed  with  the 
blood  and  juices  of  the  body,  by  first  adhering  to  the 
lungs  in  inspiration,  and  to  the  mouths  of  the  fine  ca- 
pillar)' tijbes  that  terminate  in  the  skin,  and  by  them 
communicated  to  the  vital  parts,  would  soon  bring  on 
the  dissolution  of  the  whole  frame,  were  it  not  for  the 
speedy  assistance  of  the  skilful  physician  counteract- 
ing their  fatal  effects- 

This  accounts  for  the  manner  of  our  receiving  such 
diseases  as  are  commonly  called  contagious  and  pesti. 
lential,  and  possibly  for  many  others,  which  are  not 
generally  accounted  of  that  kind.  On  the  same  prin- 
ciples we  may  account  for  the  sudden  death  of  per- 
sons, from  breathing  in  adust  air,  or  in  that  which  is 
impregnated  with  pestilential  damps  and  suffocating 
exhalations,  so  fatally  experienced  in  wells,  mines,  and, 
subterraneous  places- 

Somc  may  imagine  that  some  of  tlie  phenomei 
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mentioned  above  may  be  accounted  for  from  the  pres- 
sure of  the  air,  such  as  the  spherical  figure  of  the 
drops  of  water,  the  adhesion  of  tlie  leaden  balls  and 
of  glass  planes,  &c.  But  this  cannot  be  the  true  cause, 
as  the  appearance!)  arc  the  same  in  vacuo,  as  in  open 
air. 

This  sphere  of  attraction  between  the  particles  of  dif- 
ferent bodies  has  certain  limits,  and  does  not  extend 
fer  beyond  contact:  and  ivhere  the  spliere  of  attraction 
ends,  the  sphere  of  repulsion  begins,  as  apptars  from 
the  disunion  of  water  and  oil,  of  mercury  and  gliiss, 
the  walking  of  some  insects  on  water  without  wetting 
their  feet,  and  the  rolling  of  water  off  the  feathers  of 
fowls,  and  leaving  them  dry.  The  particles  of  these 
bodies  are  placed  beyond  the  sphere  of  each  other's 
attraction;  and  cannot  be  brought  nearer  to  each  other 
but  by  the  addition  of  another  body,  which  attracts 
the  particles  of  both.  Thus  oil  is  mixed  and  incorpo- 
rated with  water  by  the  addition  of  soap  or  gall  or 
flour.  Mercury  and  glass  are  brouglu  into  contact  by 
lead  or  tin.  Hence  the  praxis  of  foliating  ;;Iass;  the 
mercury  will  incorporate  M-ith  lead  or  a  thin  sheet  of 
tin,  and  fill  up  the  inequalities  of  its  surface,  so  that 
the  air  being  excluded  from  its  pores,  by  the  men  ury, 
the  tinfoil  is  brought  into  close  contact  with  the  glass 
and  adheres  to  it.  Mercury  is  used,  because  it  is  of  a 
smooth  surface,  solid  and  opake,  and  therefore  fit  for 
causing  the  regular  reflection  of  light.  Mercury  is 
poured  upon  a  thin  sheet  of  tin,  laid  even  upon  a  ta- 
ble, and  because  of  the  strong  attraction  between  the 
particles  of  both,  the  mercury  will  enter  into  the  pores 
of  the  tin  and  dissolve  its  texture.  The  particles  of 
tin,  being  lighter  than  mercury,  will  rise  on  the  sur- 
face like  a  scum,  which  must  be  carcfullv  removed 
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with  a  little  cotton:  and  a  sheet  of  clean  paper  bemg 
laid  on  the  mercurj,  the  glass  plate,  being  previously 
cleaned,  dried  and  .moderaielj  heated,  is  laid  on  tfae 
paper,  ;iiid  the  paper  is  gradually  drawn  from  be- 
tween  the  mercury  and  glass,  to  carry  off  with  it 
the  scum  ihitl  is  continually  rising  through  the  me»- 
curv.  The  mercury  now  incorporated  with  the  parti- 
cles of  the  lead  or  tin  will  adhere  to  the  glass,  whicb 
it  repelled  before,  and  cause  a  beautiful  and  regular 
reflection  of  the  rays  of  light.  On  the  same  principles, 
but  by  a  dift'erent  praxis,  we  foliate  the  inside  of  a 
glas3  globe.  For  this  purpose,  melt  one  ounce  of  tin 
or  lead  with  an  ounce  of  marcasite  of  silver,  and  add 
two  ounces  of  mercury.  When  the  mercury  begins 
to  evaporate  with  the  heat,  take  it  ofl'  from  the  fire  and 
pour  the  mixture  into  cold  water.  When  the  mixture 
is  cold,  let  it  be  strained  through  a  linen  cloth  doubled, 
and  poured  into  the  globe  by  means  of  a  funnel  reach- 
ing down  to  the  bottom  of  the  globe,  to  prevent  its 
sparkling,  and  it  will  closely  adhere  to  the  globe, 
wheresoever  it  touches  it,  jirovided  the  globe  be  first 
heated,  dry  and  clean.  This  is  necessary  only  for  the 
beauty  and  regularity  of  the  designed  reflection. 

From  the  repulsion,  w  hich  takes  place  between  some 
bodies,  such  as  oil  and  water,  mercury  and  iron,  we 
account  for  the  depression  of  the  water  about  a  ball  of 
tallow,  or  an  oiled  glass  bubble  floating  in  it,  and  the 
depression  of  the  mercury  round  the  iron.  From  the 
attraction  between  the  glass  and  water,  we  see  the 
reason,  why  the  water  rises  round  the  side  of  the  glass 
vessel,  when  only  partially  filled  widi  it,  and  forms  a 
concave  surface;  and  ajso  why  the  water  will  assume 
a  very  convex  surface,  and  at  last  stand  above  the 
edge  of  the  glass,  without  running  over,  when  mom 


is  poured  into  it,  than  it  naturally  contains.  This  also 
accounts  for  the  motion  of  a  clean  glass  bubble  to- 
wards, or  from  the  side  of  the  vessel,  according  as 
the  water  has  a  concave  or  convex  surface;  the  bubble 
being  nnorc  attracted  on  thai  side,  on  which  the  water 
rises  highest.  The  contrary  happens  in  each  case, 
where  there  is  a  repulsion  between  the  bubble  and  the 
fluid,  in  which  it  floats.  Thus  if  the  bubbles  be  oiled 
and  float  in  water,  or  clean  and  float  in  oil,  they  will 
be  more  forcibly  repelled  on  that  side,  on  which  the 
fluid  rises  highest.  For  the  same  reason,  two  oiled,  or 
two  clean,  glass  bubbles,  when  floating  near  each  other 
on  the  level  surface  of  water,  will  accede  towards  each 
other,  but  they  will  separate  and  flj-  from  each  other, 
if  one  of  ihem  be  oiled  and  the  other  clean. 

It  is  by  the  force  of  this  attraction  that  the  pen  re- 
tains the  ink,  and  the  paper  draws  it  forth  in  writing! 
and  from  the  natural  repulsion  between  oil  and  water, 
the  paper,  when  oiled  and  greasy,  refuses  to  receive 
the  inlt.  It  is  likewise  by  the  same  power  of  attrac- 
tion and  repulsion  in  bodies,  that  the  rays  of  light 
arc  variously  refracted  and  reflected;  as  we  shall  see 
in  optics. 

The  hardness  or  softness  of  bodies  depends  partly 
on  the  number  of  particles  in  contact,  and  pardy  on 
their  fitting  each  other  so  exactly  as  not  easily  to 
Mlmit  of  any  motion  among  ihenisfilves,  from  any  ex- 
ternal pressure  or  cause  whatsoever, 

Fiuidity  is  that  state  of  a  body,  in  which  the  force, 
that  unites  the  particles  together  into  one  mass  or 
community,  ii  juot  balanced  by  the  repulsive  power 
which  causes  them  to  flj'  from  and  repel  each  other; 
which  repulsive  force  very  probably  dcptnds  upon  the 
action  of  heat:  as  we  shall  more  fully  see,  when  we 
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come  to  coiibidci'  ilie  nature  and  property  of  fluids. 
F'luidity  seems  to  be  the  greatest  degree  of  softness, 
where  the  particles  must  be  generally  of  a  spherical 
form,  that  they  may  touch  only  in  a  few  points  and 
easily  yield  to  any  partial  and  unequal  pressure.  Doubt> 
less  many  of  them  are  placed  beyond  the  sphere  of 
each  other's  attraction  and  so  repel  each  other;  and 
when  this  balance  between  the  attractive  and  repuluw 
powers  is  destroyed,  either  by  the  too  violent  action 
of  heat,  or  the  want  of  it,  the  fluid,  in  the  first  case, 
is  converted  into  an  elastic  viipour,  and  in  the  other 
case,  into  a  fixed  and  hard  body,  as  is  evidently  seen 
in  water  and  mercury.  This  produces  the  melting  or 
fusion  of  metals;  for  when  tlieir  particles  are  so  far 
separated  by  the  action  of  fire,  as  to  touch  one  ano- 
ther but  very  slightly  or  not  at  all,  and  yet  not  be  out 
of  the  sphere  of  each  other's  attraction,  they  assume 
the  ap[H:urance  of  a  fluid,  and  have  all  its  wonderful 
properties. 

The  elasticity  of  bodies  depends  upon  the  same 
principle  of  corpuscular  attraction.  In  the  bending  of 
a  spring,  the  particles  on  the  convex  side  are  drawn 
apart,  while  those  on  the  concave  side  are  crowded 
together,  so  that  the  attraction  of  the  particles  on  the 
convex  side  restores  the  spring  to  its  former  ^tua< 
tion;  and  it  is  \  ery  probably  assisted  in  this  operation 
by  the  repulsion  of  the  particles  on  the  other  side  of 
the  spring.  When  the  particles  of  fixed  and  hard 
bodies  are  separated  beyond  the  sphere  of  their  attrac- 
tion, the  body  breaks;  and  \ve  cannot  again  reduce  the 
particles  within  their  sphere  of  attraction,  but  either 
by  melting  the  body,  if  it  be  capable  of  fu^iion,  or  by 
the  intervention  of  glue  or  solder,  which  entering  the 
pores  of  the  wood  or  metal  and  uniting  closely  with 


these  substances,  hold  them  fost  together,  by  then- 

Ktractive  force. 
The  solution  of  one  body  in  another  is  also  an  effect 

of  this  principle  of  attraction.  Silver,  copper,  tin,  &c. 
are  dissolved  by  aqua  fortis,  gold  by  aqua  rtgia,  sugar 
and  all  kinds  of  salts  by  water,  and  other  bodies  by 
other  menstruums.  When  the  particles  of  the  fluid 
and  solid  attract  each  other  inore  strongly,  than  the 
puticles  of  either  attract  each  other  separately;  and  at 
the  same  time  the  pores  of  the  solid  are  large  enough 
to  admit  the  particles  of  the  fluid  to  enter  into  them; 
the  solid  will  then  be  dissolved  in  the  fluid.  Suppose 
a  particle  of  the  solid  adhering  to  the  body  with  a  cer. 
tain  force;  yet  a  particle  of  the  fluid,  being  attracted 
by  a  superior  force,  will  rush  upon  it  with  considera- 
bJe  impetus,  while  other  particles  of  the  fluid,  in  like 
manner  entering  the  pores  of  the  solid,  will  surroimd 
the  foremcnlioned  particle  of  the  solid,  and  adhering 
to  it  with  superior  force  will  separate  it  from  the  solid, 
to  which  it  was  united  by  a  fainter  attraction.  Thus 
we  must  conceive  of  every  particle  of  the  solid,  until 
the  whole  be  dissolved,  or  the  fluid  be  saturated; 
which  is  the  case  when  every  particle  of  the  fluid  has 
filled  its  spiiere  of  attraction  with  those  of  the  solid; 
for  then  it  will  dissolve  no  more.  That  this  solution 
is  effected  bv  the  mutual  attraction  of  the  particles  is 
evident  from  the  visible  motion,  effervescence  and 
ebullition  produced  in  the  fluid.  Nay  sometimes  the 
internal  motion  is  so  violent,  as  to  produce  a  great 
degree  of  heat  and  flame,  and  even  a  sudden  explo- 
sion. The  oil  of  carroway-seed  poured  on  the  com- 
pound spirit  of  nitre  kindles  instantly  into  flame,  with 
prodigious  force,  even  in  vacuo.  Equal  quantities  of 
filings  and  crude  brimstone  mixed  together  with 
F. 
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ii  little  water  into  die  ccmsistence  ol"  a  paste,  will,  m 
live  or  six  hours,  become  too  vvarni  to  be  handled, 
burn  and  emit  a  flame,  and  if  buried  under  ground  it 
will  explode  \\\ih  a  great  noise,  and  produce  an 
earthquake  in  miniatui'e.  in  a  mixture;  of  brimstone, 
salt  of  tartar  and  saltpetre,  in  the  proportion  of  one 
two  and  three  to  e^ch  other,  the  particles  of  the  differ- 
ent ingredients,  when  melted  and  heated  over  the  fire 
in  a  shovel,  will  attract  each  other  so  violently  as  to 
cause  a  great  effervescence,  ebullition,  and  at  last  a  very 
loud  explosion.  This  composition  is  called  the  pufm 
fnlmhiatis. 

Precipitation  is  another  chemical  process,  which  is 
also  to  lie  accounted  for,  from  the  doctrine  of  corpus- 
cular attraction.  If  to  the  solution  of  any  solid  body, 
in  its  proper  menstruum,  there  be  added  another  fluid 
or  solid  body,  whose  particles  attract  those  of  the  for- 
mer fluid  with  a  greater  force  than  that  with  which 
they  attract  those  of  the  dissolved  solid;  then  will  the 
particles  of  the  dissolved  solid  be  disengaged  from  the 
former  fluid,  and  be  siiflered  to  precipitate  or  fall  to 
the  bottom,  by  their  own  gravitj-,  in  the  form  of  a 
powder.  Thus  is  the  solution  of  gold  in  at^ua  regia 
precipitated  by  the  volatile  spirit  of  sal  ammoniac,  of 
by  the  oil  of  tartar  per  deliquium.  This  powder  of 
gold  is  the  aurum  fuhninans,  which,  when  heated  ovCT 
the  fire,  explodes  with  a  prodigious  noise.  But  this 
fulminating  quality  is  totally  destroyed  by  the  addi- 
tion of  half  its  weight  of  crude  sulphur,  powdered  and 
mixed  with  it.  The  solution  of  silver  is  precipitated 
by  copper,  and  that  of  copper  by  iron;  and  in  general 
of  ;ill  metals  dissolved  in  acids,  by  an  absorbent  eartli, 
or  a  volatile  or  fixed  alkali. 

All  the  compositions,  decompositions  and  mixtures 
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af  the  chemists,  whetlicr  effected  by  a  single  or  double 
elective  attraction,  may  be  accounted  for  on  the  same 
principles.  When  two  solutions  of  solids  in  their  pro- 
[x:r  menstruumii  are  mixed  toother,  the  soUds  may 
(juit  the  former  fluids  in  which  ihcy  were  dissolved, 
and  be  suspended  by  the  other,  to  which  they  had  a 
stronger  attraction.  This  is  called  a  double  elective 
attraction.  The  same  corpuscular  attraction  takes 
place  in  the  mixture  of  different  fluids:  in  some,  witli- 
out  any  seusible  effervescence  and  heat,  where  the  at- 
traction is  but  slight  and  weak;  and  iu  others,  with 
both  heat  and  fiame,  from  the  violent  attrition  of  the 
particles  on  each  other.  Thus,  common  spirit  and 
water  mix  without  any  sensible  heat;  but  the  com- 
pound spirit  of  nitre  poured  upon  half  its  weight  of 
the  oil  of  cloves,  or  any  ponderous  oil  distilled  from 
animal  or  vegetable  substances,  or  upon  the  oil  of  tur. 
pentine  mixed  widi  a  little  sulphur  to  thicken  it,  will 
suddenly  lake  flame.  The  same  effect  is  produced  by 
pouring  the  same  spirit  on  the  spirit  of  wine  highly 
rectified.  Thus  also  the  oil  of  vitriol  mixed  with  wa- 
ter, or  tlie  essential  oil  of  anniseed,  produces  a  great 
heat  and  effer\'escenee. 

In  the  same  manner  we  account  for  the  various  phe- 
nomena of  burning  mountains,  mineral  eorruscations, 
earthquakes,  hot  springs,  ike.;  which  arc  produced  by 
the  intestine  commotions,  arising  from  the  mixture  of 
various  nitro-acid  and  sulphureous  pju^ticles,  in  the 
Iwwels  of  the  earth;  which  separately  would  remain  at 
rest,  but  being  brought  together  in  considerable  quan- 
tities, in  large  cavities,  by  the  subterraneous  streams 
of  water,  rush  upon  each  other  with  such  rapidity  and 
violence,  as  is  sufficient  to  produce  their  amazing  ef- 
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'i"he  action  of  fire  is  sometimes  necessary  to  pro- 
duce tlie  mixture  of  two  bodies,  whose  particles  na- 
turally attract  each  other.  Thus  spirit  of  nitre  poured 
upon  snow,  will  not  mix  with  it,  but  only  dissolve  it, 
and  thereby  produce  a  higli  degree  of  cold;  but  if  the 
snow  be  first  melted  and  then  the  spirit  of  nitre  be 
added,  it  will  intimately  mix  with  the  snow  water,  and 
produce  a  high  degree  of  heat.  Thus  too,  the  spirit  of 
vitriol  and  water  will  not  mix  together  when  cold;  but 
when  heated,  intimately  incorporate  with  each  otlwr. 
The  reason  is,  either  that  the  pores  of  the  one  may  bt 
too  small  for  the  admission  of  the  particles  of  dte 
other,  until  they  are  enlarged  by  the  action  of  heat; 
or  rather,  that  ihe  particles  of  each  fluid  attract  each 
other  more  forcibly,  than  they  do  those  of  the  other 
fluid,  until  this  attraction  is  diminished  by  the  actirai 
of  fire,  separating  them  to  a  greater  distance,  and 
thereby  allowing  the  particles  of  the  other  fluid  to  at- 
tract them  with  a  greater  force,  than  what  subsists 
between  the  particles  of  either  fluid,  separately  taken. 

PWrnentation  is  another  effect  of  the  same  cause;  as 
it  consists  in  the  intestine  commotion  of  the  particles 
of  the  fermenting  liquor,  arising  from  the  attraction 
so  often  mentioned.  By  this,  bodies  are  either  wholly 
dissolved,  or  have  dieir  parts  so  altered  and  compound- 
ed with  other  matter,  as  to  change  their  nature,  con- 
sistence, appearance  and  properties,  together  with  their 
principles  and  colours.  Malt  by  distillation  yields  a 
spirit  after  fermentation,  though  nothing  like  it  before 
could  be  discovered  in  the  malt.  A  third  part  of  the 
spirits  of  hartshorn  mixed  with  the  spirits  of  wine, 
will  immediately  unite  into  a  wliite  coagulated  consis- 
tence, called  the  offa  alba.  We  shall  endeavour  to  ac- 
count for  the  change  of  colour  produced  by  fermenta- 


37 

titHi  and  chemical  mixture,  and  the  colours  of  vege- 
bbleii,  plants  and  natural  bodies,  when  we  come  to 

Evaporation,  together  with  the  various  operations 
of  nature  in  the  production  of  clouds,  rain,  snow  and 
dews,  must  be  resolved  into  the  same  corpusculur  at- 
traciion.  A -fluid  evaporates  in  air  after  the  same  man- 
lier that  a  solid  is  dissolved  in  its  proper  menstruum. 
Many  philosophers  indeed,  of  no  inconsideiable  note, 
have  supposed  that  water  is  evaporated  in  the  follow- 
ing manner:  when  a  particle  of  ivater  has  its  diameter 
enlarged  by  the  action  of  heat,  so  as  to  be  ten  times 
as  great  as  it  was  before,  then  it  must  become  speci- 
fically lighter  than  air,  whose  specific  gravity  is  to 
that  of  water  as  1  to  860.  In  this  situation  it  will  rise 
and  float  in  air  until  it  ascends  to  that  place,  where  the 
air  is  of  the  same  specific  gravity  with  itself;  where  it 
will  float  indiflcrently  in  any  direction,  until  meeting 
and  coalescing  with  others,  and  having  their  diameters 
contracted  with  cold,  the  air  is  no  longer  able  to  sus- 
tain them,  but  suffers  them  to  descend  in  the  form  of 
rain,  dew,  hail  or  snow.  This  theory  is  however  liable 
to  many  weighty  objections.  No  experiments  suffi. 
ciently  confirm  the  position  that  the  specific  gravity 
of  a  body  is  iiltered  by  being  divided  and  having  it.i 
sur&ce  increased;  because  its  magnitude  or  quantity 
of  matter  on  which  its  specific  gravity  depends,  conti- 
nues the  same.  A  pound  of  gold,  whether  round,  or 
square,  or  divided,  is  still  a  pound.  A  particle  of  wa- 
ter, however  minutely  divided  by  the  action  of  heat, 
remains  still  heavier  than  air;  and  cannot  rise  in  it. 
So  that  evaporation  cannot  be  effected  by  these  means. 
The  doctrine  of  attraction  and  repulsion  alone  is  suf- 
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particles  of  air  constantly  repel  each  other,  so  that  no 
power  is  sufficient  to  brin}>  them  into  contact,  so  far 
as  any  experiments  we  have  made  can  reach;  yet  they 
attract  many  other  substances,  such  as  water,  oil,  salts, 
earth,  Blc.  These  substances  therefore  will  be  dis- 
solved in  air,  as  a  solid  ia  dissolved  in  its  proper  men- 
struum: each  panicle  of  air  assuming  one  or  more 
particles,  and  communicating  some  of  them,  that  ad> 
here  with  a  blighter  force,  as  being  at  a  greater  dis- 
tance, to  such  giarticles  of  air  as  yet  arc  loaded  with 
none;  in  the  same  manner  as  a  fluid  already  saturated 
with  a  dissolved  solid,  will  dissolve  more  of  the  solid, 
when  the  quantity  of  the  fluid  is  increased;  the  addi- 
lional  particles  of  the  fluid  receiving  part  of  the  bur- 
den from  those  that  were  before  saturated,  or  new 
particles  from  the  dissolving  solid.  While  the  satura- 
ted particles  of  air  are  cairying  off  their  burden  of  the 
evaporating  fluid,  they  will  deposit  part  of  their  bur- 
den on  any  other  body  that  attracts  the  fluid  witha 
superior  force:  and  hence  is  the  collection  of  watry 
particles  on  the  stone  walls  of  a  building,  or  the  sides 
of  metallic  vessels  in  a  hot  day,  when  evaporation  is 
going  briskly  on,  or  the  air  is  much  loaded  with  mois- 
ture. But  still  it  must  be  remembered  that  the  parti- 
cles of  most  fluids  attract  one  another  more  forcibly 
than  they  attract  the  particles  of  air,  until  their  cohe- 
sion is  lessened  by  the  action  of  heat:  so  that  heat 
assists  evaporation  in  the  same  manner  that  it  assists 
the  mixture  of  two  fluids,  and  the  solution  of  solids. 
Hence  the  slow  evaporation  of  water  and  oils  when 
cold,  and  their  quick  evaporation  when  hot.  Another 
effect  of  heat  is  to  rarify  and  expand  the  air,  setting 
its  particles  at  a  greater  distance  from  each  other,  and 
increasing  their  repulsion;  by  which  means  the  air 
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when  moderately  heated  will  support  a  greater  quan- 
tity of  vapour  invisibly^  than  when  it  is  cold:  as  it  can 
more  easily  keep  the  particles  of  the  suspended  fluid 
at  a  distance  from  each  other,  and  prevent  them  from 
running  together  into  larger  concretions  to  refract  the 
rays  of  light  and  obstruct  vision.  Hence  the  moisture 
carried  off  from  the  lungs  in  respiration  is  not  so  visi- 
ble in  warm  as  in  cold  air.  Hence  the  dissipation  of 
fogs  by  the  morning  sun,  the  visible  wasting  of  clouds 
in  a  hot  and  serene  sky,  the  sudden  overcasting  and 
troabled  state  of  the  atmosphere  taking  place  of  a 
pleasant  and  clear  state  of  the  the  heavens,  only  by  a 
stream  of  cold  air  condensing  the  vapours  and  ren- 
dering them  visible.  Wind  also,  which  is  another 
effect  of  heat,  greatly  assists  evaporation,  by  ear- 
ning off  the  saturated  particles  of  air,  and  bring- 
ing fresh  particles  in  contact  with  the  evaporating 
fluid,  to  dissolve  and  carry  off  more.  Hence  a  wet 
room  is  quickly  dried  by  being  exposed  to  the  open 
air.  Hence  the  sudden  drying  of  the  roads  after  rain, 
by  a  strong  wind.  Because  of  the  limited  sphere  of 
attraction  belonging  to  each  particle  of  air,  it  can  sus- 
pend but  a  certain  quantity  of  moisture;  and  therefore 
when  it  is  saturated,  it  can  receive  no  more,  until  it 
has  discharged  part  of  its  burden  to  the  neighbouring 
air.  Hence  air  frequently  breathed,  at  last  refuses  to 
carry  off  the  necessar}^  discharge  from  the  lungs,  and 
becomes  unfit  for  respiration.  Earth  when  pulverised 
and  reduced  to  dust  is  also  attracted  and  suspended 
by  the  air,  until  it  be  returned  again  by  coalescing 
frith  the  drops  of  descending  rain,  or  dew. 

Although  air  attracts  both  water  and  oil  separately, 
yet,  because  of  the  natural  repulsion  between  these 
two  fluids,  it  cannot  attract  and  dissolve  them  both  at 
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the  same  time.  Hence  the  suffocating  nature  of  air 
impregnated  with  oily  particles,  in  a  chandler's  shop, 
or  from  lamps  and  the  wicks  of  extinguished  candles: 
the  air  in  this  situation  not  being  able  to  attract  and 
carry  off*  the  moisture  of  the  lungs.  But  when  air  is 
saturated  with  poisonous  and  pestilential  particles  coI» 
lected  from  putrefying  substances,  hospitals  or  gaols, 
it  may  in  respiration  exchange  them  for  the  moisture 
of  the  lungs,  and  thereby  produce  various  diseases, 
by  what  is  called  by  the  chemists,  a  single  elective 
attraction:  the  lungs  attracting  these  poisonous  parti- 
cles more  forciblv  than  their  own  moisture,  while  the 
air  attracts  the  mqisture  of  the  lungs  with  greater 
force  than  that  by  which  it  attracts  these  noxious  par- 
ticles. 

An  easy  experiment  confirms  this  theory  of  evapo- 
ration on  the  principles  of  chemical  solution.  Place  a 
vessel  of  water  under  the  receiver  of  an  airpump,  and 
when  the  air  is  drawn  from  the  pores  of  the  water,  in 
which  it  is  copiously  found,  it  will  bring  with  it  such 
a  quantity  of  vapour,  as  is  sufficient  to  obscure  the 
contents  of  the  receiver,  until  being  drawn  off"  with 
the  air,  or  adhering  to  the  sides  of  the  receiver,  it  will 
leave  it  quite  clear  and  transparent,  as  before  the  ope- 
ration began. 

ATTRACTION  OF  MAGNETISM. 

Th  £  next  species  of  attraction  to  be  explained  ia 
that  of  magnetism,  which  is  found  to  take  place  only 
between  the  loadstone  and  iron.  Its  principal  proper- 
ties, so  far  as  they  have  yet  been  discovered,  arc  such 
as  these.  Every  loadstone,  or  artificial  magnet,  has  tW0 
poles  opposite  to  each  other,  called  its  north  and  soulb 
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poles;  because  the  magnet,  when  at  liberty  to  move, 
will  naturally  place  itself  nearly  in  the  direction  of  the 
meridian,  and  alwavs  with  the  same  end  towards  the 
north  point  of  the  heavens.  If  a  magnet  be  laid  on  a 
sheet  of  clean  paper  in  the  midst  of  a  parcel  of  steel 
filings,  they  will  soon  be  found  disposed  in  regular 
curves  terminating  in  the  poles;  from  whence  some 
have  been  led  to  conjecture,  that  the  magnetic  virtue, 
by  which  it  attracts  iron,  is  emitted  from  one  pole  and 
received  by  the  other^  Either  pole  of  a  magnet  will 
attract  iron  or  steel  that  has  not  previously  received 
any  magnetic  virtue;  but  when  two  magnets  are 
brought  near  together,  they  will  attract  or  repel  each 
other  accordingly  as  the  poles  that  are  presented  to 
each  other  are  of  different  or  of  the  same  denomination. 
Though  if  their  magnetic  virtues  be  very  different, 
the  same  poles  will  attract  each  other,  but  with  little 
force,  and  at  a  small  distance.  A  magnet  exerts  its 
virtue  at  the  distance  of  several  feet,  constantly  de- 
creasing in  strength  as  the  distances  increase,  but  in 
verj*  different  ratios  in  different  magnets.  \\\  some  the 
force  of  attraction  seems  to  be  inversely  as  the  squares 
of  the  distances;  in  others  as  the  cubes  of  the  distances; 
and  in  others  in  other  proportions.  Its  virtue  is  exert- 
ed in  vacuo,  as  well  as  in  open  air,  and  without  any 
sensible  diminution  of  its  force  I)y  the  interposition  of 
the  hardest  bodies,  whose  pores  it  easily  pervades. 
This  virtue  is  copiously  communicated  to  iron*  by 
the  touch,  and  to  no  other  substance  yet  known.  This 
iron  when  propeily  balanced  on  its  center  will,  like 

•  Iron,  or  soft  steel  will  more  readily  receive  the  magnetic 
virtue  than  hard  or  tempered  steel,  but  will  also  more  readily 
part  ivith  it,  and  therefore  all  artificial  magnets,  or  mag^ietic 
necfUes  should  Ijc  made  of  the  latter. 
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the  loadstone,  settle  itself  nearly  in  the  position  of  the 
meridian,  turning  that  end  to  the  north,  which  was 
touched  with  the  south  pole  of  the  magnet.  This 
touched  iron  becomes  an  artificial  magnet  and  will 
communicate  the  same  polarity  to  any  other  sinall 
pieces  of  iron,  without  any  diminution  of  its  own  vir- 
tue, and  therefore  answers  all  the  purposes  of  the  load- 
stone. The  polarity  of  the  needle  may  be  reversed,  by 
reversing  the  manner  of  touching  it;  that  is,  if  the 
north  end  of  the  needle  be  touched  with  the  north  pole 
of  the  magnet  it  will  then  turn  to  the  south :  and  this 
may  be  done  as  often  as  we  please.  A  smart  stroke  of 
a  hammer  will  also  reverse  the  poles  of  the  needle^ 
when  the  end  of  the  needle  is  only  struck.  And  the 
whole  magnetic  virtue  may  be  destroyed  by  fire.  Thb 
polarity  is  also  given  to  iron  various  ways  without  the 
touch  of  the  loadstone:  such  as  by  a  long  and  hard. 
attrition  in  the  same  direction;  (hence  files  and  drills 
are  always  found  to  be  magnetical;) — by  suffering  iron 
bars  to  stand  long  in  one  position; — by  conducting  a 
violent  shock  of  lightning  or  charge  of  electrici^';— 
by  heating  the  iron  until  it  become  redhot,  and  sud- 
denly quenching  it  in  water,  holding  it  at  the  same 
time  in  an  angle  of  about  73  degrees  below  the  nor- 
thern horizon,  and  nearly  in  the  direction  of  the  meri- 
dian;— and  lastly,  by  preparing  and  polishing  two 
pieces  of  steel,  and  arming  one  of  them  with  a  cap  of 
the  same:  then,  if  the  unarmed  piece  be  held  in  the 
magnetic  meridian,  and  the  other  be  drawn  along  it 
several  times,  one  way,  it  will  acquire  a  strong  degree 
of  magnetism,  and  be  able  to  communicate  the  same 
to  the  other  piece,  when  the  armour  is  changed  from 
one  to  the  other. 
If  a  needle  be  properly  balanced  on  its  center^  <• 
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I h  bangs  horizontally  before  it  !s  touched  uitli  the 
[net,  it  will  now  dip  btlow  the  horizuii  in  an  ;uigle 
of  some  dcgreesj,  towards  the  noiih;  which  stenis  to 
be  owing  to  its  losing  some  of  its  gravity  from  the 
south  end  of  iJie  needle;  as  the  whole  needle  has  been 
found  by  many  experiments  to  weigh  lu&s  than  before 
the  touch.  This  is  ciilled  the  dipping  needle.  The 
south  end  of  the  needle  dips  below  the  horizon  in 
south  latitudes. 

This  singular  property  of  the  magnet  giving  polar- 
ity to  the  balanced  needle,  hus  been  of  prodigious  ad- 
vantage to  mankind,  in  the  arts  uf  surveying  and  na- 
vigation. 

It  n-as  s:ud  above,  that  the  needle  settles  nearly  iii 
the  direction  of  the  meridian  of  any  place.  It  will 
however  deviate  a  little  from  this  direction,  and  this 
deviation  is  called  the  variation  of  the  compass  or 
needle.  There  is  a  certain  irregular  curve  line  whicfi 
surrounds  the  eiutli  towards  the  nordi  and  south  poks 
of  the  world;  on  any  point  of  which  line  the  needle 
points  exactly  to  the  north  and  settles  in  the  meri- 
dian. This  is  called  the  line  of  ho  variation;  on  the 
east  side  of  which  the  needle  points  to  the  westward 
of  the  meridian,  and  on  the  west  side  of  it,  it  points 
to  the  eastward  of  the  true  meridian.  This  variation 
increases  gradually  as  you  recede  either  eastward  or 
ivestward  from  the  line  of  no  variation  until  it  comes 
to  its  maximum;  which  is  found  to  be  about  40  de- 
grees in  some  places,  after  which  it  gradually  decreases 
again  until  you  arrive  at  the  line  of  no  variation.  Did 
this  variation  increase  or  decrease  in  any  regular  man- 
ner from  any  known  meridian,  it  would  enable  the 
mariner  to  correct  his  longitude  at  sea.  Dr.  Halley 

l^roposed  this  use  of  it;  and  has,  from  a  numbct 
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observations  made  in  different  parts  of  the  ocean,  con- 
structed a  chart  for  this  purpose,  uhich  has  been 
greatly  improved  by  later  observations.  And  indeed 
any  chart  of  this  kind  will  constantly  stand  in  need  of 
alterations  from  time  to  time;  as  the  line  of  no  varia- 
tion is  not  stationary,  but  shifts  with  a  slow  moljon 
towards  the  westward  or  eastward;  which  will  occa- 
sion the  lines,  that  represent  any  particular  variation 
to  shift  Avith  it.  Hence  the  variaii  ii>  at  any  place  will 
be  different  in  different  years,  but  without  any  known 
proportion  between  the  time  and  the  quantity  of  vari- 
ation. Surveyors  generally  allow  about  one  degite  for 
every  twenty  years,  in  running  the  lines  of  an  old  sur- 
vey, in  this  city  and  neighbourhood,  and  more  in  some 
other  places.  There  is  also  a  diurnal  variation  of  the 
needle  observed  in  any  particular  place. 

From  about  tight  or  nine  o'clock  in  the  morning, 
every  day,  a  good  variation  needle  moves  westward 
from  six  to  fourteen  minutes,  till  about  two  or  three 
o'clock  P.  M.,  when  it  becomes  stationary  for  some 
time,  and  then  returns  to  the  position  it  had  in  the 
morning.  This  daily  variation  is  greater  in  summer 
than  in  winter,  and  is  always  most  remarkable  upon 
sudden  cliaiigLs  of  the  temperature  of  the  weather. 
There  is  also  a  very  small  daily  variation  in  a  fine 
dipping  needle,  but  not  so  large  as  that  of  the  horizon- 
tal needle.  The  leason  of  this  seems  to  be  the  lessen, 
ing  of  the  magnetic  and  directive  virtue  by  the  heat 
of  the  sun,  and  thereby  leaving  the  needle  to  verge 
towards  the  colder  parts  of  the  atmosphere. 

The  power  of  a  magnet  may  be  diminished,  by  not 
keeping  its  poles  in  the  direction  of  the  meridian  of 
the  place,  or  in  the  magnetic  meridian,  having  its  north 
pole  directed  towards  the  north  point  of  the  heavens; 
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and  also  by  not  keeping  ii  piece  of  iron  at  or  near  it; 
poles.  Hence  tht  armour  of  a  natural  magnet  makes 
il  filter  for  use,  as  it  collects  the  magnetic  power  into 
j  smaller  bounds,  so  that  it  will  give  a  stronger  touch 
I  and  su&tain  a  greater  weight,  ami  have  its  virtue  therc- 
f  by  longer  preserved.  Although  the  power  of  a  magnet 
is  not  diminished  by  communicating  its  virtue  lo  a 
small  piece  of  iron;  yet  it  may  be  grtatly  diminished 
ijy  communicating  it  to  a  bar  of  iron  of  much  greater 
size  than  the  magnet.  A  smart  stroke  of  the  hammer 
may  sometimes  destroy  the  power  of  the  magnet  in- 
tirely,  as  well  as  reverse  its  poles;  and  the  hammering 
of  a  piece  of  iron  when  cold,  or  rubbing  two  pieces 
of  iron  together,  or  even  the  bending  of  a  piece  of 
iron  backwards  and  forwards  until  it  breaks,  will 
communicate  the  magnetic  virtue,  where  it  was  not 
found  before. 

The  magnetic  power  of  loadstones  is  found  to 
decay  in  time,  by  ncgltct;  but  when  impaired  may  be 
restored  again,  by  hanging  to  them  as  much  iron  as 
they  are  able  to  sustain.  And  as  they  will  be  found, 
after  some  time,  able  to  sustain  an  additional  quantity, 
by  appending  this  additional  quantity  their  magnetic 
virtue  will  be  found  at  length  to  be  surprisingly  in- 
creased. 

It  is  no  easy  matter  to  e::plain  the  phenomena  of 
magnetism;  nor  indeed  are  we  yet  furnished  with  a 
sufficient  number  of  facts  and  observations  on  this 
mysterious  power  to  found  any  certain  theory'  for  ac- 
counting for  its  operations.  We  have  little  but  conjec- 
ture and  hypothesis  on  this  subject.  What  appears  to 
me  the  most  probable,  as  best  agreeing  with  the  facts 
and  phenomena,  I  will  briefly  deliver;  leaving  die  cs- 
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tablishment  or  refutation  of  the  theory,  to  future 
periments  and  observations. 

Magnetism  seems  to  be  the  peculiar  property  of 
iron  and  iis  ore  alone,  and  to  be  so  essential  to  it,  that 
it  cannot  be  deprived  of  it  by  any  means.  It  seems  t<i 
consist  of  two  distinct  and  difi'erent  powers,  which  in 
tlieir  natural  state  remain  conjoined;  and  strongly  at- 
tracting each  other  remain  quiescent  without  any  sigm 
of  magnetism;  but  still  ma}'  be  separated  by  friction, 
heat  or  electricity,  or  even  by  stiinding  for  a  long  time 
in  a  perpendicular  or  reclining  position.  When  these 
powers  are  tJius  separated  in  any  piece  of  iron,  one 
retires  towards  one  end  of  the  bar,  and  the  other  to- 
wards the  other  end,  making  one  end  of  the  bar  point 
to  the  north  and  the  other  to  the  south,  when  balanced 
on  its  center.  In  this  separate  state  they  naturally  at- 
tract each  other  as  well  as  before;  and  therefore  the 
north  end  of  one  needle  will  attract  the  south  end  of 
another,  when  both  have  their  powers  separated:  but 
each  of  these  powers  repels  the  same  power  in  two 
different  pieces  of  iron,  for  the  two  north  ends  or  the 
two  south  ends  pouerfully  repel  each  other. 

The  attraction  between  the  loadstone  and  iron  b 
mutual,  as  appears  from  their  approaching  each  other 
when  set  to  suJm  on  any  quiescent  fluid;  but  the  force 
of  attraction  does  not  appear  to  be  in  proporticHi  to 
the  strength  of  the  loadstone  but  to  the  quantity  of 
iron  to  be  attracted;  as  an  ounce  of  lead  at  the  end  of 
a  small  piece  of  iron  m  ill  separate  it  from  a  loadstone 
that  is  capable  of  sustaining  a  pound  of  lead  when 
fixed  to  the  end  of  a  large  piece  of  iron,  even  tiiou^ 
tlie  points  of  contact  between  the  iron  and  loadstone 
were  the  same  in  both  experiments.  It  acts  with  the 
greatest  force  at  corners,  points  and  angles,  and  liierein 
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has  something  surprisingly  similar  to  electricity,  as  it 
also  has,  in  the  separation  of  its  powers,  by  friction, 
or  by  a  shock  of  electricity,  and  in  the  long  continuance 
of  this  separation;  as  well  as  in  the  conjunction  of 
these  powers  again  in  the  magnetic  needle  by  fire.  Sec. 
by  drawing  the  north  end  of  the  magnet  over  the  north 
end  of  the  needle.  This  may  be  done  by  a  rub  or  two, 
until  the  magnetic  powers  in  the  needle  are  conjoined 
and  remain  quiescent  without  any  signs  of  polarity; 
but  by  continuing  the  operation  a  little  longer  the  poles 
will  be  reversed. 

There  is  also  a  great  similarity  between  the  mag- 
netic and  electric  virtue,  in  the  manner  of  their  passage 
along  a  conducting  substance.  If  a  piece  of  iron  be 
suspended  to  one  pole  of  the  magnet,  and  a  crooked 
piece  of  iron  form  a  communication  between  the  poles 
of  the  magnet,  the  suspended  piece  of  iron  will  drop 
off;  as  if  the  magnetic  virtue  were  accumulated  round 
one  pole,  while  it  was  subtracted  from  the  other;  and 
having  a  constant  tendency  to  go  from  one  pole  to  the 
other  by  the  shortest  communication,  it   will   pass 
through  the  connecting  wire,  and  not  through  the  sus- 
pended iron;  which  will  therefore  be  left  at  liberty  to 
fall  to  the  ground  by  its  own  gravity.  It  seems  then 
to  resemble  the  charged  electrical  vial;  which  having 
one  side  charged  positively  and  the  other  negatively, 
Will  be  discharged  by  forming  a  communication  be- 
tween them. 

I  said  before  that  the  magnetic  virtue  may  be  given 
to  a  heated  piece  of  iron,  by  quenching  it  suddenly  \i\ 
a  position  parallel  to  the  dipping  needle.  In  this  posi- 
tion it  acquires  the  highest  degree  of  polarity;  and  9«r 
you  recline  the  bar  from  being  parallel  to  the  dipping 
needle,  you  will  find  the  polarity  lessen  by  degrecf^. 
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until  it  become  perpendicular  to  that  position  when  aU 
Mgns  of  polarity  vanish.  And  this  rule  will  hold  good, 
provided  the  whole  bar  Ik  ecjually  heated  throughout, 
and  equally  cooled,  whether  in  water  or  air.  Hence  it 
is  that  the  tongs,  so  often  heated  in  the  fire  and  tlien 
suffered  to  cool  in  a  reclining  or  perpendicular  posi- 
tion, will  in  processor  time  have  their  magnetic  powers 
separated,  acquire  a  small  degree  of  verticity,  and 
then  communicate  it  in  a  much  higher  degree  to 
:imaJler  pieces  of  iron  or  hardened  steel,  tlian  that  in 
which  the  tongs  possessed  it  before.  And  it  is  aIw8}!S 
to  be  remembered  that  large  surfaces  easily  comnu* 
nicate  this  virtue  to  small  ones,  but  not  vice  versa. 
Take  a  large  bar  of  steel  and  hold  it  in  the  directioo 
of  the  dipping  needle;  then  take  a  number  of  snutU 
bteel  bars  about  6  inches  long,  a  quarter  of  an  iocfa 
diick  and  one  sixteenth  broad,  and  draw  them  frcm 
their  middle  over  the  end  of  the  large  bar,  ten  or  & 
dozen  of  times,  as  you  would  touch  them  by  an  arti- 
ficial magnet,  and  you  will  find  them  all  changed  into 
artificial  magnets,  of  greater  strength,  than  what  Hk 
large  bar  exerts  in  any  position. 

How  this  power  is  raised  to  degrees  exceedingly    ( 
above  the  power  that  ga\'e  it,  and  then  withdrawn  by    | 
a  contrary  friction,  has  been  long  a  matter  of  wonder    I 
and  surprise;  and  few  have  attempted  to  account  for 
it.  I  shall  give  you  my  thoughts  on  this  phenomenon, 
which  may  be  accounted  for  on  the  foregoing  hypo- 
thesis of  two  distinct  and  separate  powers  in  magne- 
tism. While  the  large  bar  remains  in  the  position  of 
the  dipping  needle,  its  magnetic  powers  are  sei^rated 
in  some  degree  by  the  influence  of  that  foreign  power, 
whatever  it  is,  which  governs  and  directs  magnclitim 
in  general;,  one  of  them  being  attracted  by  it,  while 


49 
the  other  is  repelled,  as  ;ipi>ears  by  the  bar's  esening 
TOme  degree  of  veiticily,  while  in  that  position;  which 
vcrticity  is  greatly  increased  and  finally  fixed  by  the 
bar's  cominuing  long  in  that  state.  While  these  poweri 
are  separated  even  in  tlie  lowest  degree  in  the  large 
bar;  if  a  small  bar  be  drawn  over  the  end  of  the  large 
bar,  the  power,  which  predominntes  in  the  end  of  the 
large  bar,  attracts  the  other  or  contrary  power  of  the 
small  bar  to  the  end  in  contact,  and  thereby  forces  the 
other  power  to  recede  to  the  other  end  of  the  small 
bar,  until  by  frequent  reiKrlition  a  fixed  and  perma- 
nent polarity  is  produced.  When  a  considerable  num- 
ber of  these  small  bars  have  their  magnetical  powers 
separated  and  are  become  magnetical,  they  may  be 
employed  conjunctly  to  separate  the  powers  of  the 
larger  bar,  and  produce  a  fixed  polarity  in  it  also, 
This  whole  theor}'  may  be  in  some  measure  confirm- 
ed by  an  observation  open  to  every  body:  that  while 
any  piece  of  iron  is  in  contact  with  a  magnet  either 
natiind  or  artificial,  the  miignetic  powers  of  the  iron 
are  separated,  and  continue  so,  while  the  contact  con- 
tbues. 


ATTRACTION  OF  ELECTRICITY. 

THiciTY  is  the  next  species  of  attraction  to  be 
explained.  It  derives  its  name  from  Easkt^o*,  the  greek 
word  for  amber;'  w-hich  was  the  first  substance,  ob- 
served by  the  ancients,  to  possess  the  power  of  pro- 
ducing, by  friction,  the  appearance  that  was  called 
flectricity.  The  earth,  being  the  largest  body  on  which 
we  can  make  any  experiments,  seems  to  be  the  grand 
Kscrvoir  of  electricity;  and  every  body  seems  to  be 
sed  of  some  portion  of  it,  accotding  to  its  quan- 
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lity  of  matter,  or  possibly  its  surface:  ibr  tlie  propitf* 
lion  is  not  yet  accurately  :isciTt;iined.  Some  bodies 
part  with  it  more  easily  than  others;  and  some  shew 
signs  of  electricity  on  being  rubbed  with  the  hand  or 
any  dry  substance;  while  others  exhibit  no  appearance 
of  any  such  thing.  Of  the  first  kind  of  btjdies  art 
glass,  resin,  sulphur,  wax,  silk,  hair,  quills,  fcc.  The* 
are  therefore  denominated  electrics,  or  electrics  per  m 
while  other  substances,  which  exhibit  no  signs  of  elec- 
tricity by  friction  are  denominated  conductors,  or  now- 
cli'cfrhs.  When  a  clean  dry  tube  of  glass  or  stick  of 
seuling  wax  is  rubbed  with  the  dry  hand,  or  with  a 
piece  of  leather,  flannel,  Etc.  it  will  attract  light  bodies 
towaids  it,  such  as  fcatlicrs,  down,  chaft",  (>aper,  fcc; 
If  these  light  bodies  be  suspended  by  silk  or  hair  lines, 
they  will,  after  contact  with  the  tube,  be  repelled  by  it, 
and  fly  from  it.  The  tube  or  stick  of  wax,  &c,  seems 
therefore  to  be  surrounded  with  some  efliuvia,  in  fonn 
of  an  atmosphere,  which  extends  to  a  certain  distance, 
and  is  called  the  electric  virtue,  or  the  electric  fire, 
from  its  luminous  appearance,  when  in  motion.  Whcit 
a  body  is  once  attracted  by  the  rubbed  or  excited  tube 
or  wax,  and  comes  into  contact  with  it,  it  flies  offaud 
is  no  more  attracted  agnin,  until  it  touch  seme  ol^r 
body ;  after  which  it  is  again  attracted  as  at  first.  In 
its  recess  from  the  tul)c,  it  eagerly  flies  to  any  con- 
ductor of  electrit:ity.  and  is  powerfully  attracted  by  it. 
From  this  appearance  taking  place  hivariabiy  without 
exception,  philosophers  have  concluded  that  the  light 
body  has  either  received  some  electrical  fire  from  the 
tube,  or  has  communicated  some  to  it,  or  possibly 
both  in  difterent  circumstances,  occasioning  this  alter- 
nate iittraction  and  repulsion;  which  is  observed  to 
"tntinue  a  long  time. 


But  observing,  that  only  a  'small  quantity  of  tlie 
electric  matter  could  be  collected  round  the  excited 
gtass  tube,  and  that  a  slender  and  sharp  metallic  point 
<lrew  ofi'the  atmosphere  from  the  tube  in  u  quick  and 
imperceptible  manner,  they  have  contrived  various 
machines  for  collecting  it  in  greater  quaniilics.  A 
glass  globe  is  made  to  revolve  on  an  axis,  pressing 
agninst  a  leathern  cushion;  while  the  electrical  mutter, 
thereby  collected,  is  conveyed  by  these  slender  points, 
to  a  large  conducting  body,  covered  with  metal,  which 
is  found  to  be  the  best  conductor,  and  suspended  by 
silk  lines  or  supponcd  on  glass  pillars;  which  being 
electric  per  se  or  nonconductors,  prevent  the  electric 
mailer  from  escaping,  and  confine  it  to  the  conducting 
body;  round  which  it  is  collected  in  an  atmosphere, 
extending  to  several  feet,  according  to  the  surfaces  of 
the  said  prime  conductor.  The  reason  of  suspending 
the  prime  conductor  on  silk  or  hair  lines,  or  of  sup- 
porting it  on  glass  pillars,  is  to  cut  ofi"  all  communi- 
cation with  the  earth;  for  should  a  communication  be 
fonned  between  the  earth  and  the  prime  conductor, 
the  electrical  effluvia  would  escape  by  the  conducting 
substance  that  had  formed  the  communication,  to  the 
earth,  the  grand  reservoir,  as  fast  as  it  could  be  col- 
lected bv  the  revolution  of  the  globe.  In  this  manner 
the  dectric  matter  is  collected  in  large  quantities  at 
pleasure,  according  to  the  surface  of  the  prime  con- 
ductor and  of  bodies  connected  with  it.  So  that  upon 
presenting  your  finger  to  it,  while  the  globe  is  in  mo- 
tion, you  may  draw  it  off  instantly  in  a  large,  visible, 
and  luminous  spark  of  fire;  from  whence  it  derived 
the  name  of  electrical  fire. 

The  particles  of  this  electric  fire  seem  to  repel  each 
other,  as  they  collect  in  the  form  of  an  aUnosphere. 
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round  the  body  on  which  they  arc  cast,  and  may  be 
sensibly  felt  by  the  hafid;  and  the  more  that  is  thrown  ' 
on  the  prime  conductor,  to  the  greater  distance  will 
it  extend.  When  a  nonelectric  bubatance  is  brought 
near  to  this  atmosphere  it  is  attracted  by  it;  but  an 
electric  per  se  is  repelled  or  seems  to  be  repelled,  as 
it  recedes  from  it.  The  first  draws  it  off  iustanta- 
neously  with  a  crackling  noise  and  visible  spark  rf 
fire,  when  the  nonelectric  substance  communicatei 
with  the  earth  to  m  hich  the  electricity  wholly  passes, 
without  leaving  any  considerable  remainder  either  in 
the  prime  conductor  or  in  the  nonelectric  substance 
which  conveys  it  off;  but  an  electric  per  se  may  be 
repeatedly  immerged  into  this  atmosphere  without  at- 
tracting and  carrying  off  a  single  particle.  But  if  the 
nonelectric  substimcc  which  conveys  this  atmosphere 
to  the  earth  have  a  sharp  point,  it  will  then  be  drawn 
off  silently  without  any  noise,  in  a  gradual  and  imper. 
ceptii)le  manner;  the  point  appearing  luminous  in  the 
datk.  Should  such  a  point  be  fixed  to  the  prime  con- 
ductor, it  will  disperse  the  electric  matter  through  the 
air,  as  fast  as  it  is  collected  by  the  globe,  electrifying 
the  air  wlierc  it  is  dissemuiated.  This  jjower  of  a  point 
lias  given  rise  to  the  ludicrous  experiment  of  the  elec- 
trical horse  race;  which  is  performed  by  placing  a  par- 
eel  of  horses,  with  sharp  points  in  their  heels,  on  the 
circumference  of  a  circle,  which  revolves  on  its  cen- 
ter. As  soon  as  this  machine  is  electrised,  and  the 
electric  matter  is  prevented  from  escaping  to  the  earth 
by  its  being  placed  on  a  glass  stand,  the  electricity 
escaping  by  the  points  will  by  its  reaction  on  tlie  horses 
give  them  motion  in  a  contrary  direction;  and  the  cir- 
cle will  revolve  on  its  center.  This  principle  of  mo- 
tion may  also  be  employed  for  playing  musical  tunei^ 


and  for  many  other  purposes,  by  the  invention  of  pro- 
per machines. 

This  attractive  power  of  the  metallic  point  sugges- 
ted to  Dr.  FranWin  (wliose  improvements  in  this 
branch  of  natural  philosophy  far  exceeded  any  of  his 
predecessors)  tHfc  happy  means  of  preserving  houses, 
ships  and  persons  from  the  melancholy  effects  of  light- 
ning; which  he  has  demonstrated  to  be  the  same  with 
electricity,  by  actually  drawing  it  down  from  the 
clouds,  by  means  of  a  kite  raised  on  the  commons  of 
this  city,  in  the  time  of  a  thundi-T  storm.  The  metal- 
lic point  fixed  in  the  head  of  his  kite  attracted  the 
electricity  from  the  cloud,  which  was  then  conveyed 
by  the  string  that  raised  the  kite,  to  a  bottle  in  which 
it  was  collected.  The  experiment  was  easy,  but  dan- 
gerous; as  the  repetition  of  a  similar  experiment 
proved  fatal  to  the  celebrated  profcsbor  Uichmond  of 
Petersburg  in  Kussia. 

Hence  the  doctor  advised  the  fixing  of  iron  rods  to 
chimneys  of  houses  and  the  masts  of  ships  inserted  to 
a  considerable  depth  in  the  ground  or  water,  and  ter- 
minating in  a  sharp  point  eight  or  ten  feet  above  the 
building:  that  by  this  conductor  the  lightning  might 
be  safely  conveyed  to  the  earth  without  an  explosion 
or  damage.  The  success  of  this  invention  has  hitherto 
answered  his  expectations;  for  although  the  lightning 
has  not  always  been  thus  conducted  without  an  explo- 
sion, yet  we  liave  no  instances  of  damage  done  to  the 
buildings  that  were  thus  secured. 

If  instead  of  the  smooth  glass  globe,  one  of  sulphur 
or  resin  or  wax,  or  even  a  rough  glass  globe,  whose 
polish  is  destroyed  by  emery,  be  used,  it  will  excite 
the  electric  eiftuvia,  and  form  an  atmosphere  round 
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the  prime  conductor,  to  appearance  the  same  with 
what  is  formed  by  the  friction  of  the  polished  glass, 
but  possessing  different  and  contrary  properties.  For 
although  two  bodies  electrified  by  this  resinous  or 
rough  globe  repel  each  other  and  attract  any  nonelec- 
tric substance,  in  the  same  manner  as  if  they  had 
been  electrified  by  the  polished  glass;  yet  they  will 
strongly  attract  another  body  equally  electrified  bj 
the  polished  glass  globe;  and  upon  contact  all  signs  of 
electricity  will  vanish,  and  both  will  be  left  in  their 
natural  state.  Wlicn  this  discovery  was  first  made 
by  Mr.  Kinncrsly,  he  communicated  it  to  Dr.  Frank- 
lin, observing  iliat  although  one  of  these  electrified 
positively  and  the  other  tiegatively,  as  tlie  doctor 
has  termed  the  different  operations,  yet  he  could  not 
determine  from  any  thing  he  had  seen,  ivhich  of  tbe 
globes  had  the  power  of  electrifying  positively.  By 
a  body's  being  electrified  positively  was  meant  its 
being  posbessed  of  more  than  its  natural  quarititi' 
of  electricity;  but  if  this  natural  quantity  was  les- 
sened, the  body  was  said  lo  be  electrified  negative- 
ly. Hence  it  was  found  by  experiment,  if  both  these, 
kinds  of  globes  were  turned  at  the  same  time  and 
worked  equally  well,  no  sign  of  electricity  ivould  be 
found  on  the  prime  conductor;  and  therefore  one  was 
supposed  lo  draw  off  the  electric  fire,  as  fast  as  it  was 
collected  by  the  other.  These  and  similar  appearances 
led  Dr.  Franklin  lo  frame  his  famous  hypothesis  of 
the  positive  and  negative  electricity,  by  which  he  en- 
deavours to  account  for  all  the  phenomena  hitherto 
observed  in  this  wonderful  fluid,  according  to  the  fcJ. 
lowing  general  laws,  which  he  deduced  from  his  ex- 
jjerijnents. 
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1.  Two  bodies  in  their  natural  state,  without  having 
their  natural  quantity  of  electricity  increased  or  di- 
minished, neither  attract  nor  repel  each  other* 

2.  Two  bodies  equally  charged  with  an  additional 
quantity  of  electricity  mutually  recede  from,  and  re-* 
pel  each  other;  whether  they  both  be  electrified  posi- 
tively or  negatively. 

3.  Two  bodies  unequally  electrified,  whether  posi- 
tively or  negatively;  or  one  of  them  remaining  in  its 
natural  state,  while  the  other  is  electrified  either  posi- 
tively or  negatively,  mutually  attract  each  other,  with 
a  force  proportioned  to  the  difference  of  quantity  in 
each.  <  i 

4.  Two  bodies  unequally  electrified  whether  posi- 
tively or  negatively,  or  one  of  them  remaining  in  its 
natural  state  and  the  other  being  electrified  either  ne  - 
gatively  or  positively  will,  upon  near  approach  or  con- 
tact,  communicate  to  each  other  so  much  of  the  sur- 
plusage above,  or  deficiency  below,  their  natural  quan- 
tities of  electricity,  that  this  surplusage  or  deficiency 
shall  be  divided  between  them  in  proportion  to  their 
surfaces :  and  they  will  remain  equally  electrified,  or 
in  their  natural  state. 

Upon  these  principles  the  doctor  accounts  for  the 
charging  of  the  Leyden  vial,  so  called  from  an  acci- 
dental discovery  of  the  electrical  shock  first  felt  by 
Cuncus,  and  then  by  professor  Mushenbroek  of  Ley- 
den. It  had  been  known  that  the  electricity  might  be 
collected  in  a  vial  partly  filled  with  water,  with  a  wire 
passing  through  the  cork  of  the  vial  into  the  water, 
when  it  was  held  in  the  hand,  and  the  wire  pre- 
sented, to  the  prime  conductor.  The  professor's  ca- 
riosity led  him  to  tr}',  whether  he  could  receive  a  spark 
from  the  conductor,  with  his  other  hand,  while  the 
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vial  was  in  charging;  and  to  his  surprise  he  felt  a  vi- 
©lent  shock  through  his  arms,  and  all  signs  ol'  electri- 
city in  the  viai  and  conductor  vanished;  the  vial  being 
thereby  discharged.  Being  ignorant  of  the  cause,  he 
attributed  the  shock  to  the  gun  barrel,  which  he  used 
as  a  conductor.  This  however  passed  for  the  solution; 
and  a  gun  barrel  was  everjwhere  used  as  a  conduc- 
tor; until  it  was  afterwards  found,  that  a  solid  rod  of 
metal,  or  even  a  piece  of  wood  covered  over  with 
metal,  could  shoot  in  this  manntr  us  well  as  the  gun 
barrel. 

By  a  more  careful  ai^alysis  of  t)ie  vial  and  of  the 
operation  of  nature  in  charging  it,  Dr.  Franklin  found 
that  the  electric  fire  was  not  accumulated  in  the  water 
or  in  the  metallic  coating  on  the  inside  of  the  vial, 
but  in  the  pores  of  the  glass;  and  that  no  electrici^ 
could  be  collected  in  it,  unless  an  equal  quantity  was 
taken  from  the  outside,  either  by  a  communication 
from  the  outside  to  the  earth  or  to  the  cusliion  under 
the  globe;  and  that  the  vial  might  be  charged  with  the 
electricity  that  was  drawn  from  the  outside  alone.  He 
Found  also  that  the  form  of  the  vial  made  no  differ- 
ence; for  that  a  pane  of  glass  might  be  charged  in  the 
same  manner,  having  more  than  the  natural  quantity 
on  one  side,  and  less  than  the  natural  quantity  on  the 
other;  and  that  as  soon  as  a  communication  was  furm- 
ed  between  the  inside  and  outside  surfaces,  by  any  con- 
ducting body,  such  as  metal,  water,  &.c.  the  vial  was 
immediately  discharged  with  a  violent  explosion  am) 
flash  of  lightning  in  miniature.  The  vial  was  equally 
charged,  whether  the  outside  or  inside  communicated 
with  the  prime  conductor,  and  the  other  side  with  the 
earth;  for  tlie  side  that  communicated  with  the  prime 
t-onductor,  when  the  smooth  glass  globe  was  used, 
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was  found  to  be  electrised  positively,  and  the  other 
side  negatively;  and  that  every  thing  was  reversed 
when  a  sulphur  or  waxen  globe  was  used. 

Although  every  phenomenon  leads  us  to  conclude 
that  the  electric  fire  is  lodged  in  the  pores  of  the  glass; 
as  the  shock  may  be  had,  when  both  the  external  and 
internal  coatings  are  removed  and  others  are  applied; 
yet  it  does  not  appear,  that  it  can  pass  through  the 
substance  of  the  glass;  as  the  charge  will  remain  in  the 
vial  for  many  years,  when  all  communication  between 
the  outside  and  inside  surfaces,  by  any  conducting 
substance,  is  cut  off:  unless  the  attractive  power  of 
one  atmosphere  should  reach  to  the  other,  from  the 
out^de  to  the  inside  and  thereby  cause  a  discharge  of 
the  vial.  Hence  it  is,  that  a  fractured  vial  cannot  be 
charged;  and  that  a  vial,  while  hanging  to  the  prime 
cmiductor  sometimes  discharges  itself;  when  the  out- 
side coating  of  the  vial  is  near  enough  to  the  prime 
conductor,  to  receive  a  spark  from  it.  ,- 

This  necessary  striking  distance  shows  that  the  den- 
sity of  the  atmosphere  round  the  prime  conductor  de- 
creases, in  some  certain  proportion  to  the  distance 
fit)m  it,  which  is  not  yet  sufficiently  ascertained;  and 
at  the  same  time  the  stronger  attraction  of  a  sharp 
point  of  metal  is  fully  proved  by  drawing  off  the  at- 
mosphere at  a  much  greater  distance  than  that  at  which 
a  spark  may  be  received  from  the  conductor.  The 
only  advantage  of  filling  the  vial  with  water,  or  coat- 
ing both  surfaces  with  some  conducting  substance,  is, 
that  by  touching  in  many  points,  this  coating  may  al- ' 
low  the  electric  matter  to  pass  more  copiously  into,  or 
firom,  the  pores  of  the  glass. 

According  to  Dr.  Franklin's  hypothesis,  the  pro- 
cess of  nature,  in  charging  the  Leyden  vial  seems  to 
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be  as  follows.  When  the  smooth  glass  globe  is  nibbed 
with  ;i  piece  of  soft  leather,  it  attracts  a  small  quanthj 
of  electricity  from  the  earth,  which  is  accumulated 
round  the  globe  in  form  of  an  atmosphere,  and  may 
be  sensibly  felt  by  the  hand.  This  surplusage  of  elec- 
tricity is  readily  received  by  the  prime  conductor, 
which  was  before  in  a  natural  state,  by  the  interven- 
tion of  metallic  points,  which  attract  it  at  the  greatest 
distance.  The  prime  conductor  now  being  electrified 
will  part  with  its  electricity  to  the  inside  of  the  vi«l, 
which  was  before  in  a  natural  state:  while  the  earth  or 
cushion  having  parted  with  some  of  its  natural  quan- 
tity to  the  globe,  is  ready  to  receive  as  much  from  tfce 
outside  of  the  vial.  Thus  we  proceed  until  no  more 
can  be  forced  into  the  pores  of  the  vial,  which  is  then 
said  to  be  fully  charged.  Should  the  operation  be  far- 
ther continued,  the  electric  matter  thrown  upon  the 
prime  conductor  would  swell  into  an  atmosphere  of 
such  magnitude  and  density  as  to  strike  to  the  outCf 
coating  of  the  vial;  and  then  the  whole  collected  quui- 
tity  is  discharged  with  a  violent  explosion;  and  both 
sides  of  the  vial  are  left  in  their  natural  state,  or  nearly 
so.  There  is  indeed  a  small  quantity  left,  which aftera 
minute  or  two  standing,  will  discover  itself  by  a  se- 
cond discharge  upon  forming  the  communication  be- 
tween the  surfaces.  And  this  residuum  has  been 
repeatedly  found  after  charging  the  vial  once. 

The  velocity  of  the  motion  of  this  electrical  effiuvia 
is  exceedingly  quick;  as  it  takes  up  no  time  in  pass- 
ing over  or  through  a  wire  of  some  miles  in  lengtfi, 
from  the  outside  to  the  inside  of  the  vial.  If  the  com- 
munication be  formed  between  the  two  surfaces  irf 
the  vial,  by  persons  joining  their  hands  together,  while 
the  first  touches  the  outside  and  the  last  touches  the 


iasidc  or  wire  of  the  cork,  they  will  all  be  shocked  aC 
the  same  instant:  the  whole  charge  of  electricity  pussr, 
ing  through  the  arms  and  bodies  of  the  whole  conipa-, 
ny,  from  one  side  to  the  other  of  the  vial. 

The  human  body  is  a  good  conductor  of  electricity:, 
and  hence  a  person  receives  the  shock,  which  profes- 
sor  Mushenbrock  experienced,  when  his  arms  formed 
the  communication;  but  metal  being  a  much  better 
conductor,  a  person  may  hold  the  wire  which  forms 
the  communication,  in  his  hand,  witliout  receiving  the 
shock. 

AU  the  phenomena  of  this  surprising  fluid,  that  are 
hitherto  discovered  may  be  easily  accounted  for,  from 
the  principles  and  laws  already  delivered,  upon  the 
hypothesis  of  a  negative  and  positive  electricitj  ;  and 
by  these  may  the  various  experiments  that  are  usually 
made  be  explained;  such  as  the  dancing  of  paper 
images  between  two  metallic  plates;  the  shower  of 
electrised  sand  rising  and  falling  alternately;  the  ring- 
ing of  musical  bells,  Sec. 

The  air  is  an  electric  per  se  and  will  not  readily 
cooduct  the  electric  fire,  so  that  when  it  is  partially 
removed,  tlie  electric  atmosphere  soon  expands  to  a 
greater  degree,  and  the  charged  vial  under  the  ex- 
hausted receiver  is  soon  discharged;  the  attenuated 
air  serving  as  a  conductor.  However  if  the  air  be 
loaded  with  moisture,  the  watery  particles  conduct 
and  disperse  tlie  electric  matter;  so  that  little  of  it  can 
be  collected  and  retained  in  a  moist  state  of  the  air. 
But  an  absolute  vacuum  will  not  conduct  it  at  all. 

Heat  possesses  the  power  of  changing  the  nature  of 
electric  substances  and  of  converting  them  into  non- 
electric  conductors  of  this  fluid.  A  piece  of  gla.ss  heat- 
elted  wax,  resin,  or  hot  air  become  conductor^ 


&iid  the  vial  when  heated  cannot  be  charged;  the  elec- 
tric matter  passing  through  it  as  readily  as  through  t 
metallic  wire.  A  high  degree  of  cold  on  the  other 
hand  changes  water,  when  converted  to  ice,  into  a 
nonconductor  or  electric.  And  poisibly  the  same  may 
be  true  of  other  substances. 

Although  the  electric  fluid  discovers  no  signs  of 
heat  while  it  is  at  rest,  yet  it  produces  ii  great  d^;ree 
of  heat  when  in  motion,  so  as  to  kindle  spirits,  set 
houses  on  fire,  and  melt  metals.  And  although  it  thus— 
produces  common  fire,  yet  it  is  essentially  different 
from  it,  in  their  most  distinguishing  properties.  Com- 
mon fire  moves  slowly  through  metals,  and  seems  first 
to  pass  along  their  surfaces;  but  the  electrical  fire 
moves  instantaneously  dirough  the  substance  of  the 
longest  wire  we  can  find,  and  is  not  felt  by  the  hand 
that  holds  it.  Common  fire  has  no  s\ich  attraction  to 
I  other  bodies,  as  this  is  found  to  possess.  And  sparks 
j  of  it,  that  will  kindle  spirits,  may  be  extracted  from 
ice,  which  does  not  contain  such  a  quantity  of  com- 
mon fire  as  is  necessary  for  this  purpose. 

That  the  electrical  fire  is  the  same  with  lightning 
is  not  only  demonstrated  by  its  being  actually  drawn 
down  from  the  clouds,  in  the  manner  before  mention- 
ed, but  also  by  their  agreement  in  their  principal  ef- 
fects and  properties:  rending  the  hardest  bodies,  melt- 
ing metals  instantaneously,  killing  animals,  givmg 
polarity  to  iron,  emitting  a  strong  sulphureous  smell, 
passing  through  air  in  a  crooked  direction,  being  con- 
ducted by  metal  or  water,  rather  than  by  any  other 
substance,  and  exhibiting  bright  flashes  and  loud  ex- 
plosions. Possibly  the  air,  being  an  electric  per  se,  by 
its  friction  on  the  trees  or  mountains,  may  produce 
the  electric  fire  and  communicate  it  to  the  waterv 
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clouds  which  float  in  it,  until  they  become  highly  elec- 
trified either  negatively  or  positively,  and  then  being 
attracted  by  the  earth,  approach  towards  it  and  dis- 
charge^ themselves  on  such  eminences  as  are  nearest 
to  them,  producing  thunder  and  lightning.  Hence  the 
reason  why  thunder  clouds  generally  float  lowest  in 
the  air,  and  why  eminences,  such  as  mountains,  the 
masts  of  vessels,  and  the  chimneys  of  houses,  are  most 
firequently  struck  with  lightning. 

So  far  as  our  present  knowledge  on  this  subject  ex- 
tends, the  following  may  be  considered  as  the  general 
laws  of  electricity.  -  •  - 

1.  The  electric  fluid  exists  in  all  bodies  in  a  cer- 
tain  quantity  which  is  natural  to  them ,  and  commonly 
called  their  natural  quantity.  -     - 

2.  The  particles  of  the  electric  fluid  repel  each 
other,  and  hence  recede  from  each  other  as  far  as  they 
can_ 

3.  When  a  body  has  either  more  or  less  of  the  elec- 
trical  fluid  than  its  natural  quantity,  it  will  in  the  first 
case  impart  some  of  it  to  the  surrounding  bodies,  that 
are  capable  of  receiving  it;  and  in  the  latter  case,  the 
electrical  fluid  of  the  surrounding  bodies  finding  less 
resistance  towards  a  body  negatively  electrified,  or 
having  lost  part  of  its  natural  share  of  electricity,  rushes 
towards  that  body,  and  tends  to  difiuse  itself  through 
it,  and  thus  to  compose  itself  into  an  equilibrium. 

4.  Hence,  the  reason  why  the  electric  fluid  existing 
everywhere,  seems  to  be  inactive  in  the  common  or 
natural  state  of  bodies,  is  this;  all  bodies  having  their 
ordinary  share  of  this  fluid,  an  equal  pressure  exists 
on  all  sides.  And  if,  at  the  same  time,  all  should  re- 
ceive an  additional  quantity,  no  electrical  phenomena 
would  ensue;  because  the  pressure  being  everywhere 
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equal,  the  repulsive  force  of  the  electrical  particles 
would  be  everywhere  equally  balanced.  Thus  two 
bodies,  being  equally  electrised,  whether  positively  or 
negatively,  give  no  spark  to  each  other,  but  only  re- 
cede from  each  other,  and  the  farther,  as  their  state 
differs  more  from  that  of  the  surrounding  bodies*  And 
for  the  same  reason,  two  bodies  suspended  in  a  metal- 
lic vessel,  by  silken  threads,  show  no  signs  of  electri- 
city, when  the  electric  fluid  presses  equally  on  them 
from  the  electrified  vessel  on  all  sides. 

5.  All  nonconducting  bodies  may  acquire  on  each 
part  of  their  surface  a  certain  portiofi  of  the  electric 
fluid,  as  well  as  conductors;  but  they  do  not  allow  it 
to  pass  freely  through  their  substance,  nor  over  their 
surfaces. 

6.  All  bodies  are  Susceptible  of  either  positive  or 
negative  electricity  indiflerendy,  -either  by  exciting 
them  by  friction,  or  by  bringing  them  within  the  sphere 
of  action  of  other  bodies  already  electrised;  so  that 
insulated  metallic  bodies,  the  best  conductors,  may 
be  excited  by  friction.  The  only  material  difierence, 
between  conducting  and  nonconducting  substances, 
seems  to  be  this :  that  the  electricity  does  not  spread 
itself  so  easily  and  completely  over  or  through  the 
nonconductors  as  through  the  conductors.  An  electri- 
cal spark,  thrown  on  the  surface  of  an  insulated  piece 
of  metal,  rapidly  difluses  itself  through  its  whole  sub- 
stance; and  a  single  touch  of  an  uninsulated  conductor 
as  instantly  takes  it  off  again,  to  whatsoever  part  of 
the  metal  it  may  be  applied.  But  electricity  seems  to 
stick  to  that  part  of  a  nonconductor  to  which  it  is 
applied,  spreading  but  slowly  and  unequally  over  its 
surface,  and  may  again  be  taken  ofi*  by  degrees,  by 
touching  those  parts  to  which  it  had  been  applied. 
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lliere  seem  to  be  also  some  bodies  of  an  intermediate 
quality,  through  which  the  electric  fluid  propagates 
itself  completely,  but  slowly:  such  as  common  wood, 
moist  air,  and  many  other  bodies. 

7.  Nonconductors  seem  to  acquire  electricity  with 
some  reluctance,  and  to  part  with  it  with  the  same 
difficulty,  as  they  hold  it  more  tenaciously  than  others. 
A  single  touch  takes  away  all  the  electricity  of  a  me- 
tallic body,  but  does  not  absolutely  destroy  the  elec- 
tricity of  a  npnconductor,  such  as  glass,  wax,  resin, 
&c.  The  metal  plate  of  an  electrophorus  takes  almost 
no  electricity  from  the  resinous  cake,  if  it  be  lifted 
up,  without  having  been  touched  when  it  was  upon 
it. 

8.  All  resinous  bodies,  silk,  and  many  other  bodies, 
retain  their  state  of  electricity  more  tenaciously  than 
glass,  however  dry.  For  an  excited  glass  is  robbed  of 
its  electricity  by  the  application  of  a  conducting  sub- 
stance; but  a  resinous  body,  although  touched,  retains 
much  of  its  electricity. 

9.  An  insulated  conducting  body,  being  within  the 
sphere  of  action  of  an  excited  nonconducting  sub- 
stance,  or  in  contact  with  it,  as  the  prime  conductor 
of  an  electrical  machine,  acquires  at  the  same  time  two 
contrary  electricities,  at  its  different  extremities,  viz. 
the  same  with  the  excited  electric,  at  its  farthest  ex- 
tremit)';  and  a  contrary  electricity,  at  the  end  in  con- 
tact, or  near  to  the  excited  electric.  The  same  thing 
happens  to  an  insulated  conductor  brought  within  the 
sphere  of  action  of  an  excited  or  electrised  conduct- 
ing body ;  but  if  the  insulated  conductor  be  brought 
mto  contact  with  the  electrised  conducting  substance, 
it  will  acquire  the  same  electricity  with  it,  through  the 
whole  of  its  extension,  or  divide  it^  electricity  equally 


with  it.  It  bcems  therefore  to  be  a  law  of  this  fluid, 
that  when  it  is  accumulated  upon  a  body,  and  findsan 
obstruction  in  its  passage  to  a  neighbouring  body,  by 
the  interposition  of  a  nonconductor,  such  as  dry  air, 
glass,  8tc.  it  forces,  by  its  repulsion,  the  natural  quan- 
tity of  electricity  of  any  neighbouring  body  to  its 
farthest  extremity,  so  as  to  excite  a  deficiency  of  elec- 
tricity at  the  nearest  extremity  of  it;  until  at  last  the 
accumulation  of  the  fluid  on  the  electrised  body  be- 
tomes  so  great  as  to  overpower  the  obstruction  of  the 
interposing  nonconducting  substance,  through  which 
it  forces  its  passage  and  rushes  upon  the  neighbouring 
body  in  form  of  a  luminous  spark  of  fire.  Glass  makes 
a  greater  resistance  to  its  passage  than  air;  yet  it  fre- 
quently overcomes  even  this  and  forces  its  passage 
through  it.  When  thrown  upon  the  surface  of  a  pane 
of  glass,  coated  with  tinfoil  on  both  sides,  its  accu- 
mulation on  one  side  Ibrces  the  electricity  of  the  glass 
from  the  other  side  upon  any  conducting  substance 
near  enough  to  receive  it,  and  convey  it  off  until  the 
accumulated  quantity  on  tlic  first  surface  counterba- 
lance tlie  resistance  of  the  glass,  and  force  its  pas- 
sage through  it,  rending  the  substance  of  the  glass* 
ui  order  to  diffuse  itself  over  the  other  surface,  upoB 
which  a  deficiency  of  electricity  or  kind  of  vacuum 
was  produced.  This  is  called  tiie  charging  and  dis* 
chargiilg  of  the  glass.  But  when  the  glass  is  thus  firac- 
tured,  it  cannot  again  be  charged,  unless  it  be  repair- 
ed; as  the  hole  does  not  close  of  itself  to  give  a  new 
resistance,  as  is  the  case  with  the  air,  being  an  elastic 
fluid. 

From  what  has  been  said  of  tlie  dtflicuky  with  which 
electric  substances  acquire  a  state  of  electricity  either 
negative  or  pt^itive,  and.  their  reluctance  to  part  with 
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icquircd,  we  may  easily  explain  the  operation 
•ctrophorusi  wliich  is  a  cake  of  resin  or  pane 
of  glass,  placed  between  two  metal  plates;  one  or  both  of 
which  may  be  removed  from  the  cake  at  pleasure  by 
an  insulating  handle.  When  the  cake,  lying  on  one  of 
the  metallic  plates  is  excited  negatively  by  friction, 
and  the  other  plate  is  laid  upon  it,  the  electricity  of 
the  plate,  finding  less  resistance  on  the  side  next  to 
the  cake,  rushes  towards  it,  leaving  a  deficiency  of 
electricity  in  the  upper  side  of  the  metal,  which  will 
therefore  receive  a  spark  from  any  other  conducting 
substance  brought  near  to  it.  If  this  plate  be  now  re- 
moved from  the  cake,  by  its  insulating  handle,  it  will 
carry  with  it  the  additional  quantity  it  received  and 
appear  to  be  positively  electrised,  and  therefore  give  a 
spark  to  any  body  fitted  to  receixe  it.  Tlie  resinous 
cake,  being  more  tenacious  of  its  state  of  electricity, 
docs  not  receive  from  the  metal  llie  tlectricity  it  had 
receivedj  but  remains  nearly  in  the  state,  in  which  it 
was  when  the  plate  was  laid  upon  it,  and  therefore 
suffers  the  plate  to  carry  off  with  it,  the  additional 
quantity  it  had  received  from  tlie  touch  of  the  con. 
ducting  substance. 

If  the  resinous  cake  be  excited  positively,  by  pas- 
sing the  wire  of  a  charged  vial  over  it,  its  acquired 
electricity  will  force  the  electricity  of  the  metallic 
plate  to  its  farther  surface,  whieh  being  there  accumu- 
lated will  readily  pass  off  to  any  body  that  will  conduct 
it  to  the  earth,  and  thereby  leave  the  plate  negatively 
electrised;  for  the  cake  will  not  readily  part  with  its 
superabundant  electricity  to  supply  this  defect  in  the 
plate.  The  plate  therefore,  when  removed  from  the 
cake,  will  be  in  a  negative  state,  and  thus  receive  a 
\  from  a  conducting  substance  brought  near  to  it. 
I 


66 
Thus  may  a  vial  be  charg;ed  either  negatively  or  po- 
sitively by  the  elect roplmr us. 

What  happens  to  the  metallic  plate  placed  upon  the 
cake,  happens  also  to  the  other  plate  upon  which  it  is 
placed;  save  only  that  when  OEie  plate  is  electrised  po- 
sitively the  other  is  electrised  negatively,  if  the  elec- 
trophorus  be  placed  on  an  electric  stand. 

The  same  also  happens  to  the  two  coatings  of  a  vial 
or  pane  of  glass,  n-hen  charged  and  discharged  in  the 
common  way-  They  are  then  said  to  be  restored  lo 
their  natural  state:  and  to  appearance  they  are  so.  Birt 
the  upper  coating  connected  with  the  prime  conduc- 
tor has  not  only  lost,  in  the  discharge,  what  was  thrown 
upon  it  by  the  conductor,  but  also  some  of  its  own 
electricity  driven  into  the  glass  by  the  force  of  charging; 
and  therefore  if  separated  from  the  glass  in  this  situa- 
tion it  will  appear  in  a  negative  state.  And  the  under 
coating,  connected  with  the  earth,  has  recovered  by 
the  discharge,  not  only  what  had  been  forced  throu^ 
it  into  the  common  stock,  but  also  that  addition^ 
quantity  which  that  surface  of  the  glass,  being  brought 
into  a  negative  state  in  charging,  had  absorbed  from 
the  coating;  so  that  when  separated  from  the  glass,  il 
will  appear  to  be  positively  electrised.  Consequently 
the  two  coatings,  thus  separated  from  the  glass  and 
brought  together,  by  insulating  handles,  will  give  a 
spark  to  each  other. 

From  the  principles  already  laid  down,  we  are  ena- 
bled to  account  for  the  aurora  borealis  and  austraUs. 
As  heat  and  cold  are  sufficient  to  change  electric  sub- 
stances into  conductors  and  vice  versa;  cold  roust 
increase  the  electric  power  of  such  substances  as  are 
already  electric;  that  is,  very  cold  air,  glass,  resin,  &c. 
when  dry,  will  be  more  electric  than  when  warm. 
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With  respect  to  air,  this  is  evident,  from  considering, 
that  clear,  frosty  weather  is,  of  all  others,  the  most 
favourable  for  electrical  experiments.  Now  the  air  all 
round  the  globe,  at  a  certain  height  above  its  surface, 
is  found  to  be  exceedingly  cold,  and  as  far  as  experi- 
ments reach,  very  electrical  also.  And  as  the  inferior 
parts  of  the  atmosphere,  between  the  tropics  especially, 
are  much  heated  in  the  day  time,  by  the  reflection  of 
the  sun's  rays  from  the  earth,  this  air  will  become  a 
conductor  in  some  measure,  and  more  readily  part 
with  its  electricity  to  the  clouds  and  vapours  that  float 
in  it,  than  the  colder  air  above,  or  towards  the  poles. 
Hence  the  violent  thunders  and  lightnings  in  hot  coun- 
tries. Immense  quantities  of  electricity  are  thus  com- 
municated to  the  earth,  and  the  inferior  warm  atmos- 
phere, being,  exhausted  of  its  electricity,  must  again 
receive  a  supply  from  the  colder  air  above.  Hence  the 
.French  mathematicians,  on  the  top  of  the  Andes  in 
South  America,  often  observed  the  clouds  sinking  be- 
low them  into  the  warmer  regions  of  the  atmosphere, 
where  they  appeared  to  be  highly  electrified,  and  dis- 
charged themselves  in  violent  thunder  and  lightning, 
while  they  enjoyed  a  clear,  cold  and  serene  sky  on  the 
summits  of  the  mountains.  In  the  frigid  and  tempe- 
rate zones,  the  atmosphere  never  being  so  heated  a^  in 
the  torrid  zone,  its  inferior  parts  will  not  so  readily 
part  with  its  electricity  to  the  earth,  nor  require  such 
a  supply  from  above.  Now,  as  the  warm  air,  near  the 
surface  of  the  earth  in  the  torrid  zone,  is  perpetually 
bringing  down  great  quantities  of  electricity  from  the 
colder  air  above,  and  no  such  thing  happens  in  the 
colder  regions  towards  the  poles,  it  follows,  that  the 
upper  parts  of  the  atmosphere,  about  the  equator,  will 
Qontinually  need  a   supply  of  electricity  from   the 
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regions  towards  the  poles.  This  easily  shQivs  the  ae^ 
cessity  of  an  electrical  current  from  the  poles  toward 
the  equator,  as  we  always  observe  in  the  aurora  bore- 
alis;  at  the  same,  time  that  it  accounts  for  its  more  fre- 
quent appearance  in  winter  than  in  summer;  and  also 
in  the  colder  regions  than  in  the  ivarmer.  The  inieiw 
parts  of  the  air  not  being  so  much  heated  in  winter  ss 
in  summer,  it  will  retain  its  electricity  better,  and 
needing  no  supply  from  above,  or  verj-  little,  Uk 
aboundingelectricity  of  the  upper  region  must  almost 
wholly  pass  off  towards  the  equator,  to  supply  the  de- 
ficiency there,  as  it  cannot  pass  to  the  earth  through 
air,  that  is  nearly  as  cold  as  the  air,  which  it  deserts.  In 
Siberia,  the  coldest  country  in  the  world,  travellers 
agree  that  the  aurora  appears  in  greatest  perfection, 
and  its  corruscations  the  most  terrifying,  being  seen 
constantly  from  October  to  January. 

In  confirmation  of  this,  the  experiments  made  with 
the  electrical  kite  prove,  that  the  air  is  mucli  more 
electrical  in  H-inter  tlian  in  summer,  though  the  clouds 
arc  known  to  be  more  highly  charged  with  electricity 
in  summer  than  in  winter:  a  proof,  that  when  the  air 
is  most  heated  it  most  easily  parts  with  its  electricity 
to  the  clouds. 

The  slow  motion  of  the  corruscations  of  the  aurora 
may  be  supposed  an  objection  to  this  theorj-,  when  wc 
consider  the  rapidity  with  which  the  electric  equili- 
brium is  restored.  But  in  answer  to  this  it  must  be 
observed,  that  although  the  passage  of  electricity  by  a 
good  conductor  is  instantaneous,  yet  through  a  bad 
conductor  it  is  slow  and  gradual.  And  the  air,  when 
moderately  heated,  still  continues  but  a  bad  conductor; 
and  therefore  the  motion  of  the  electrical  fluid  through 
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ilinust  be  slo^c,  when  there  is  no  good  conductor  to 
accelerate  its  motion. 

Some  animals,  such  as  the  torpedo  and  Guiana  eel, 
arc  evideiitlj'  possessed  ot"  tlie  power  of  giving  the 
electrical  shock  at  pleasure,  and  stroke  after  stroke  in 
quick  succession,  as  often  as  they  please;  and  while 
they  emit  the  electrical  matter  from  one  part  of  the 
body  they  receive  it  again  in  another,  being  conducted 
by  the  water  in  which  they  float-  Providence  has  arm- 
ed them  with  this  amazing  power  for  their  defence 
against  the  attacks  of  larger  fish,  and  for  killing  or 
stunning  the  smaller  fish  for  their  food.  This  power 
has  been  long  observed  in  these  fishes,  without  any 
suspicion  of  its  being  the  same  with  electricity;  and 
philosophers  have  attempted  to  account  for  it  from  the 
structure  of  their  muscles,  of  which  you  may  see  an 
account  in  Chambers's  dictionary. 

One  of  these  eels  having  been  brought  to  tliis  city, 
by  a  poor  man,  and  showed  for  money,  I  went  to  see 
it  among  others;  and  upon  receiving  the  first  shock, 
immediutcly  proclaimed  it  to  be  the  electrical  shock, 
h-om  the  sameness  of  the  sensation  it  excited  in  my 
arm.  This  led  us  to  make  experiments  for  the  confir- 
mation of  the  conjecture;  and  the  success  answered 
my  espectations.  When  a  single  person  put  his  hand 
in  the  water  and  irritated  the  eel,  he  received  the 
shock,  which  he  felt  as  high  up  as  the  wrist  or  the 
guard  of  the  arm,  according  to  the  violence  of  it.  The 
same  happened  when  he  irritated  the  eel  by  a  rod  of 
metal  of  any  kind.  I  then  proposed  to  try  whether  the 
shock  could  be  communicated  through  a  number  of 
persons  connected  togetlier  by  joining  their  hands; 
and,  to  our  satisfaction,  we  found  the  whole  circle 
shocked  in  the  same  manner  as  by  the  Leyden  bottle. 


This  was  a  convincing  proof,  that  the  power,  which 
the  eel  possessed  was  the  same  with  electricity.  Little 
Bshcs  being  thrown  into  the  water  with  the  eel,  it  first 
sliocked  and  then  swallowed  them:  those  that  were 
too  large  to  be  swallowed,  it  stunned  and  then  neglec- 
ted. We  tried  to  render  the  spark  visible,  in  its  pas- 
sing between  two  wires  set  neaily  together,  and  form- 
ing part  of  the  communication;  but  we  could  not 
succeed  in  this  experiment,  though  all  the  persons, 
whose  hands  were  joined  felt  the  shock.  We  made 
many  other  experiments  and  often  repeated  tliose 
above  mentioned;  and  the  resiilt  of  all  was  a  full  con- 
firmation of  the  truth  of  our  hypothesis.  The  ownet 
of  the  eel  would  not  suffer  us  to  take  it  out  of  the  wa- 
ter, tliat  we  might  ascertain  the  particular  part  of  its 
body,  in  which  this  unusual  virtue  resided,  or  whether 
it  was  diffused  over  the  whole.  This  has  been  since 
done  with  respect  to  the  torpedo,  by  Mr.  Walsh,  who 
went  over  to  the  coast  of  France  to  make  similar  ex. 
perimetits  on  that  fish;  as  many  of  that  species  of  &A 
are  found  there.  He  found  that  the  shock  received 
from  it,  was  the  electrical  shock;  and  that  the  fish  pos- 
sessed the  power  of  shocking  only  in  two  parts  of  its 
body  directly  opposite  to  each  other,  and  near  to  the 
head.  A  spot  on  the  back  and  annther  on  the  bel^ 
opposite  to  the  former,  being  of  a  different  colour*  led 
him  to  make  the  experiment;  and  he  found  that  tbc 
electrical  virtue  was  confined  lo  diese,  and  that  tatf 
other  part  of  the  fish  might  be  handled,  without  re- 
ceiving a  shock  while  it  was  out  of  the  water.  Either 
of  these  places  separately  might  be  handled,  wiUiout 
the  shock  being  received,  until  a  communication  be- 
tween them  was  formed.  This  makes  it  appear  pro- 
bable, tliat  the  same  may  also  be  the  case,  ivith  the 
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Guiana  eel-  One  of  these  spots  must  therefore  be  al- 
ways in  the  positive,  and  the  other  in  the  negative 
state;  or  possibly  each  of  them  may  be  alternately  in  the 
psitive  state,  while  the  other  is  in  the  negative  state: 
or  rather  they  are  both  generally  in  the  natural  state, 
until  by  an  effort  of  the  fish's  will,  they  are  suddenly 
put  into  different  states;  as  we  frequently  found,  that 
the  hand  might  be  in  the  water,  which  formed  the 
communication,  without  receiving  any  shock;  which 
cannot  be  the  case  with  the  Leyden  bottle  ^vhen 
charged,  whi<  h  suddenly  discharges  itself,  upon  form- 
ing the  communication. 

Whether  there  be  any  electric  atmosphere  roimd 
these  spots  in  the  torpedo,  we  cannot  tell;  as  we  had 
no  opportunity  of  examining  this  matter  in  the  eel, 
nor  have  we  heard  whether  Mr.  Walsh  made  any  ex- 
periments for  ascertainijig  this  matter. 

There  is  another  hypothesis  of  Mr.  Eels  of  Ireland, 
whtch  solves  the  various  phenomena  of  electricity,  and 
which  1  will  here  explain,  and  leave  you  to  your  own 
judgment  and  fiture  experiments,  to  adopt  or  reject 
it  as  you  may  find  sufficient  reason. 

CMjserving  that  bodies  electrised  negatively,  as  Dr.- 
Fnmblin  calls  it,  really  repel  each  other  with  eveiy 
appearance  that  takes  place,  when  they  arc  electrised 
positively,  he  accounted  it  absurd  to  suppose  with  Dr. 
Franklin,  lliat  they  repelled  each  other  the  more  forci- 
bly, the  more  they  %vere  deprived  of  their  repelling 
power,  especially  as  every  phenomenon  proved  that 
diey  were  surrounded  with  an  atmosphere  as  well  as 
those  that  are  electrified  positively. 

This  led  him  to  conclude,  that  there  are  two  species 
of  electricity,  the  vitreous  and  the  resinous,  so  called 
from  the  substances  which  excite  them  by  friction: 


and  that  they  exist  in  equal  quantities  in  every  body, 
strongly  attracting  and  condensing  eacli  other  in  the 
natural  stale,  so  as  to  show  no  signs  of  electricity  in 
that  state,  while  they  are  in  equilibrio;  but  while  they 
attract  each  other  they  as  powerfully  repel,  each  the 
same  power  in  any  other  body;  that  is,  the  vitreous  re- 
pels the  vitreous,  and  the  resinous  repels  the  resinous, 
when  they  are  excited  in  equal  quantities.  When  the 
natural  equilibrium  is  destroyed  by  the  increase  of  the 
one  and  the  diminution  of  the  other,  the  increased 
power  will  expand  itself  into  an  extensive  attnosphcre, 
decreasing  In  density  and  attractive  force  with  the  in- 
creasing dibtance,  round  the  excited  body;  which  at- 
mosphere attracts  any  other  atmosphere  excited  by 
the  other  power,  and  repels  an  atmosphere  of  the  same 
kind.  These  powers  are  inherent  in  every  body,  and 
when  a  body  is  said  to  be  electrified,  no  more  b 
meant,  than  that  these  powers  arc  separated  by  fric- 
tion. No  part  of  either  ol"  these  powers  can  be  taken 
away  from  an)'  body,  but  an  equal  quantity  of  the 
other  must  at  the  same  time  be  given  in  exchange  for 
it,  which  it  will  retain  until  the  first  subtracted  quan- 
tity be  restored  and  an  equilibrium  formed  as  at  first. 
Friction  is  found  to  separate  these  powers  in  glass, 
resin,  wax  and  other  bodits  which  are  electrics  per  ad 
but  the  powers  of  a  nonelectric  body  are  separated 
without  friction,  by  being  brought  within  the  atmos- 
phere of  the  excited  electric:  as  is  evident  from  the 
conductor,  whose  end  next  to  die  glass  globe  is  elec- 
trified with  the  resinous  power,  while  die  other  end  is 
electrified  with  the  vitreous  power;  and  the  contran' 
happens,  when  a  rough  glass  or  sulphur  globe  is  used. 
The  same  separation  of  powers  takes  place  in  any  body 
brought  near  to  the  prime  conductor,  if  the  body  be 
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wmefcctric.  If  it  be  brought  with  its  end  towards  the 
electrified  conductor.  It  Mill  be  found  to  be  electrified 
with  tlie  diflerent  powers  at  its  opposite  ends;  that  is, 
with  the  resinous  power  al  the  end  next  to  the  prime 
conductor  when  it  Is  electrified  with  the  vitreous  pow- 
er. Now  this  separation  of  powers  is  absolutely  ne- 
cessaty,  previous  to  any  exchange  of  them  in  any 
body.  Silk,  wax,  ^lass,  and  all  other  electric  substances, 
have  their  powers  also  separated,  while  in  an  electric 
atmosphere,  in  the  same  manner  with  nonelectric  sub- 
stances, but  not  so  suddenly;  and  ihey  are  found  to 
be  electrified  with  tlie  contrary  power,  to  that,  which 
they  excite  by  friction.  Their  powers  do  not  change 
so  soon;  which  constitutes  their  principal  difference 
from  nonelectrics. 

According  to  tiiese  principles,  Mr.  Eels  accounts 
for  the  charging  of  the  Leyden  bottle  in  the  following 
manner.  The  glass  globe  has  its  powers  separated  by 
friction,  and  parts  with  its  resinous  power  to  tlie  cush- 
ion in  exchange  for  its  vitreous  power.  And  this  de- 
ficiency of  resinous  power  in  the  glass  is  supplied  by 
the  prime  conductor  in  exchange  for  the  vitreous 
power  thrown  upon  it  by  the  globe;  and  at  the  same 
time  the  deficiency  of  the  resinous  power  in  the  con- 
ductor is  supplied  from  the  inside  of  the  bottle  in 
exchange  for  the  vitreous  power,  which  it  receives 
from  the  conductor.  This  accumulation  of  the  vitreous 
power  in  the  inside  would  go  on  to  produce  a  separa- 
tion of  the  powers  in  the  bottle,  but  it  being  an  elec- 
tric per  se,  the  exchange  is  not  made  so  easily;  so  that 
the  vitreous  power  is  chiefly  retained;  while  through 
the  pores  of  the  glass,  or  round  by  the  wire  to  the  out- 
jude  coating,  some  part  passes  off  to  the  earth,  togc- 
h  the  vitreous  power  of  the  coating,  in  exchange 
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for  the  resinous  power  from  the  earth  or  cushi<Mi,  ac- 
cording as  the  connexion  is  made  between  the  outside 
and  the  earth  or  cushion;  until  at  length,  the  resinous 
power  on  the  outside  becomes  a  balance,  in  attraction, 
to  the  vitreous  power  on  the  inside;  which  therefore 
strongly  attract  each  other,  and  confine  them  to  the 
glass  until  the  bottle  be  discharged  in  the  comniOT 
way. 

ATTRACTION  OF  GHAVITATION. 

Th  e  fourth  species  of  attraction  is  that  of  gravita* 
tion,  which  is  observable  chiefly  between  the  larger 
bodies  of  our  system,  such  as  the  sun  and  planets  that 
surround  him,  and  regulates  all  their  motions.  Sir 
Isaac  Newton,  observing  that  when  a  body  had  been 
projected  upwards,  its  velocity  continually  decreased 
until  it  was  destroyed,  and  then  the  body  began  to 
return  with  an  accelerated  velocity  to  the  earth,  sup- 
postd  that  the  same  power,  which  caused  the  heavy 
body  to  descend  to  the  earth,  might  also  extend  to  the 
moon;  and  upon  examining  the  effects  of  ihis  power, 
which  he  called  gravitation,  he  found  that  the  mooa 
might  be  retained  in  her  orbit  by  the  very  same  fence, 
which  attracts  a  heavy  body,  provided  that  it  decreased 
in  its  energy  and  strength  in  the  duplicate  proportion 
to  the  distance  inversely;  and  farther,  that  all  the 
bodies  which  compose  the  solar  system  were  governed 
by  the  same  attraction,  acting  according  to  the  follow- 
ing laws,  which  he  found  to  take  place  in  every  expe- 
riment he  could  make. 

1.  Gravitation  is  common  to  all  bodies,  and  mutual 
between  them 
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2.  It  is  exerted  every  way  from  the  center  of  thft 
aittracting  body  in  right-lined  directions. 

3-  It  is  directly  proportional  to  the  quantity  of  matter 
in  the  attracting  bodies. 

4.  It  decreases  in  strength,  as  the  squares  of  the 
distances  from  the  center  increase. 

From  the  first  of  these  laws  we  learn,  that  there  is 
no  such  thing  as  absolute  levity,  or  any  body  indued 
with  the  property  of  lightness,  or  want  of  gravity.  All 
bodies,  on  which  we  can  make  any  experiments,  have 
the  property  of  gravity ;  and  it  would  be  absurd  to 
suppose  that  there  were  others  destitute  of  it,  espe- 
cially if  their  motions  and  other  affections  were  the 
same  that  they  must  necessarily  be,  on  the  supposition 
of  their  being  possessed  of  this  property.  Whether  the 
particles  of  light,  which  appear  to  be  matter,  are  in- 
dued with  this  property,  we  cannot  tell;  as  we  cannot 
collect  them  together  in  sufficient  quantities  for  the 

discover  v. 

From  the  second  law  we  see  the  reason,  why  all 
heavy  bodies  fall  to  the  earth  in  right  lines  perpendi- 
cular to  its  surface. 

From  the  third  law  we  learn,  that  there  is  not  an 
absolute  plenum  in  nature,  as  the  Cartesians  affirmed; 
but  that  there  must  be  some  vacuities,  or  spaces  void 
of  all  matter,  in  the  composition  of  natural  bodies. 
For,  if  the  gravity  or  weight  of  bodies  be  proportional 
to  their  quantities  of  matter,  there  must  be  much  less 
matter  in  a  cubic  inch  of  cork  than  one  of  lead,  as  it 
is  much  lighter,  and  therefore  in  its  composition  there 
must  be  vacuities,  or  spaces  void  of  all  matter. 

From  the  same  third  law  we  see  the  reason,  why 
all  bodies  fall  equally  fast  in  vacuo;  the  attraction  of 
the  earth  being  always  proportional  to  the  quantity  of 
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matter  in  the  falling  body.  If  one  body  contain  an 
hundred  times  the  quantity  of  matter  that  is  in  ano- 
ther, the  earth  will  exert  an  hundred  times  more  force 
upon  it,  than  upon  the  other,  and  therefore  will  bring 
it  down  in  the  same  time  and  with  the  same  velocity. 
This  may  be  easily  apprehended  by  conceiving  the 
larger  body  to  be  divided  into  an  hundred  parts,  each 
equal  to  the  smaller  body:  the  attraction  of  the  eartii 
on  each  of  these  parts  is  equal  to  its  influence  on  the 
smaller  body;  and  their  union  or  separation  can  neither 
increase  nor  diminish  the  earth's  action  upon  them. 

From  the  fourth  law  we'  learn,  that  if  the  earth  were 
a  hollow  sphere,  a  heavy  body  would  be  perfectly  at 
rest,  when  placed  any  where  within  it,  being  equally 
attracted  in  contrary  directions.  The  particle  C,  fig.  1. 
placed  any  where  within  the  hollow  sphere  x\BDE,  is^ 
attracted  with  a  force  proportional  to  the  number  of 
particles  in  the  bases  of  the  cones  AB  and  DE,  or  the 
areas  of  these  bases;  which  areas  are  as  the  squares  of 
the  distances  from  C  respectively,  as  is  evident  from 
the  third  law,  above  mentioned.  And  bv  the  fourdi 
law,  the  particle  C  is  attracted  in  a  contrary  direction, 
with  a  force,  which  is  inversely  as  the  squares  of  the 
distances.  But  the  direct  and  inverse  ratios  of  the  dis- 
tances or  squares  of  the  distances,  when  compounded 
together,  make  a  ratio  of  equality.  Therefore  the  body 
C,  being  equally  attracted  in  contrary  directions,  must 
rest  indifferently  in  any  part  of  the  hollow  sphere; 
for  what  is  demonstrated  of  the  point  C  is  equally  true 
of  any  other. 

A  body  placed  On  the  surface  of  two  spheres  of  equal 
density,  but  unequal  diameters,  would  be  attracted  by 
them  with  forces  proportional  to  the  said  diameters. 
Let  the  two  spheres  be  represented  by  A  and  B,  fig.  2. 
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iheir  diameters  by  D  arid  d,  and  the  attractive  forces 
of  the  spheres  by  F  and  f :  then,  by  the  fourth  law,  the 
attractive  forces  are  as  the  squares  of  the  distances,  or 
double  distances  from  the  center,  inversely;  that  is 

F ;  f : :  =— :  — .  But,  by  the  third  law,  these  forces  arc 

directly  as  the  quantities  of  matter  in  the  spheres, 
which  are  as  the  cubes  of  their  diameters;  that  is, 
F;  f :  :  D^:  d^.  and  by  compounding  these  ratios,  we 

liave  F:  f :  ij^:  35:  :D  :  d;  that  is,  the  attractive  forces 
LI    d 

of  the  spheres  are  directly  as  their  diameters.  Q.E.D. 

Hence  if  the  earth  were  of  the  same  density  through- 
out, and  perforated  through  the  center,  the  gravity  of 
a  body  descending  through  it  would  continually  dimi- 
nish as  it  approached  the  center;  because  in  every 
point  of  its  descent,  it  might  be  considered  as  on  the 
surface  of  a  sphere,  whose  diameter  is  double  the  dis- 
tance from  the  center;  and  the  parts  behind  being  only 
a  concave  shell,  which  attracts  equally  in  all  directions, 
can  no  way  affect  the  descent  of  the  body.  Yet  it  would 
acquire  such  a  velocity  at  the  center  as  would  be  suf- 
ficient to  carry  it  up  to  the  surface  on  the  other  side, 
if  all  resistance  of  the  air  be  removed.  Hence  it  would 
continue  to  vibrate  in  this  perforation,  without  ceasing. 

N.  B.  The  weight  of  a  body  depends  both  on  its 
bulk  or  magnitude,  and  its  density,  or  the  compact- 
ness of  its  parts;  therefore  when  neither  are  given, 

W=MD.   Hence  M=^,  and  D=^. 


MOTION  m  GENERAL. 

s  all  tngtifH)  in  bodies  depends  on  the  principi&^f 
"attraction,  whose  general  laws  we  have  explained,  we 
now  proceed  to  consider  the  various  afi'ections  and 
species  of  motion. 

Motion  is  the  translation  of  a  body  from  one  part 
of  space  to  another,  and  may  be  considered  under  dif* 
ferent  views,  either  as  abbolute  or  relative,  equable 
or  accelerated.  Absolute  motion  is  the  change  of  ab- 
solute place,  but  relative  motion  is  the  change  of  rcla- 
tivf  place,  when  compared  with  some  odier  place  or 
body.  A  person  on  board  of  a  vessel  at  sea  is  abso- 
lutely in  motion,  although  he  may  be  relatively  at  rest, 
with  respect  to  other  objects  in  the  same  vessel.  When 
a  body  in  motion  passes  over  equal  spaces  in  equal 
times,  the  motion  is  said  to  be  equable;  but  if  the 
spaces  passed  over  in  equal  portions  of  time,  be 
unequal  the  motion  is  said  to  be  accelerated  or  re- 
tarded,  according  as  the  spaces  increase  or  de- 
crease. If  the  increase  or  decrease  be  equal  in  equal 
portions  of  time,  the  motion  is  said  to  be  equably 
accelerated  or  retarded.  Equable  motion  is  genera- 
led  by  a  single  impulse,  as  the  motion  given  to  a 
ball  by  the  action  of  gunpowder;  but  accelerated  or 
retarded  motion  depends  upon  the  continued  actioO) 
or  constant  exertion  of  the  moving  force  every  instant. 
Thus  the  motion  of  a  falling  body  is  continually  acce* 
lerated  by  the  attractive  force  of  the  earth;  which  act- 
ing upon  it  every  moment,  and  communicating  equal 
increments  of  velocity  in  equal  times,  the  motion  is 
thereby  equably  accelerated.  For  the  same  reason,  the 
motion  of  a  body,  projected  perpendicularly  upwards. 
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is  equably  retarded;  and  if  the  resistance  of  the  air  be 
neglected,  the  velocity  of  the  ascent  and  descent  of 
the  body  in  any  given  point,  must  be  constantly  the 
same,  as  also  the  whole  times  of  the  ascent  and  de- 
scent; since  the  attractive  force  of  the  earth  generates 
or  destroys  equal  quantities  of  the  motion  in  equal 
times. 

The  general  laws  of  all  motion  are  reduced  by  Sir 
Isaac  Newton  to  these  three. 

1.  As  a  body  at  rest  continues  at  rest  until  it  be  put 
in  motion  by  some  external  force,  this  motion  will 
continue  until  it  be  altered  by  some  external  force. 

2.  The  motion  produced  is  always  in  the  direction 
of  the  moving  force,  and  invariably  proportional  to  it. 

3.  When  one  body  acts  upon  another,  its  action  is 
equalled  by  the  contrary  reaction  of  the  other.  Or,  ac- 
tion and  reaction  are  equal  and  contrary. 

The  first  of  these  laws  depends  upon  the  vis  iner- 
tia of  bodies,  or  the  resistance  they  give  to  all  change 
of  situation  or  condition,  whether  of  motion  or  rest. 
Daily  observation  convinces  us,  that  any  body,  which 
we  once  see  at  rest,  never  puts  itself  in  motion,  but 
continues  always  in  the  same  place,  till  removed  by 
some  power  applied :  and  when  in  motion,  having  no 
power  within  itself  either  to  generate  or  destroy  its 
motion,  the  motion  continues  after  the  moving  force 
ceases  to  act:  and  if  it  continue  in  motion  but  a  single 
moment  after  the  moving  power  leaves  it,  there  can 
be  no  reason  assigned,  why  it  should  stop  without 
some  external  force. 

This  shows  us  the  reason  why  the  planetary  mo- 
tions are  so  long  continued,  by  the  influence  of  the 
projectile  force,  which  first  set  these  worlds  in  motioi>, 
through  spaces  void  of  all  resistance. 
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The  meauing  of  the  second  law  of  motion  is  this; 
If  a  certain  force  be  sufficient  to  move  a  body  mHa 
such  a  velocity  as  to  carry  it  over  any  given  space  in 
a  given  time,  double  that  force  applied  to  it  would 
carry  it  over  double  the  space  in  the  same  time;  and 
treble  the  force,  over  tliree  times  the  space.  This  a 
evident  enough  when  only  one  force  is  applied  to  move 
the  body;  but  the  application  of  the  law,  when  two  or 
more  forces  are  applied  at  the  same  time  in  difTereni 
directions,  will  need  some  explication.  Suppose  on  a 
body  at  A,*  a  force  were  exerted  that  ^vould  carrj'  it 
over  the  space  AB  in  a  given  time,  in  the  direction  of 
that  force,  and  at  the  same  lime,  another  force  exerted 
its  influence  on  the  same  body  in  the  direction  AC, 
with  sufficient  efficacy  to  carry  it  over  the  space  AC 
in  the  same  time.  Now  these  two  forces  in  the  given 
time  must  produce  their  separate  effects:  that  is,  the 
body  must  be  carried  the  distance  of  AB  from  the 
point  A,  and  also  the  distance  of  AC  from  the  same 
point,  and  in  the  directions  of  the  forces.  But  this  can 
be  no  otherwise  effected,  than  by.  their  joint  energy 
causing  the  body  to  move  in  the  diagonal  of  a  paral- 
lelogram, whose  sides  are  in  the  direction  of  the  two 
forces,  and  proportional  to  their  strength.  So  lliat  U 
the  end  of  the  time  the  body  will  be  found  at  D^ 
having  passed  over  the  space  AD,  in  the  same  time, 
and  by  their  combined  influence,  that  would  have  been 
required  to  pass  over  either  of  the  spaces  AB  or  AC 
by  the  respective  forces  alone,  which  acted  in  these 
directions. 

This  second  law  of  motion,  therefore,  teaches  us 
how  to  compound  and  resolve  various  forces,  and  to 
estimate  tlieir  joint  or  separate  effects,  namely,  by  de. 
-scribing  a  parallelogram,  whose  sides  are  in  the  direc- 
•  See  Plate  I.  Fig.  3. 


tions  of  two  of  the  forces  and  proportional  to  their  sc. 
parate  inflncmrc,  and  tiiking  the  diagonal  as  the  mea- 
sure of  their  joint  effect  and  the  direction  of  the  motion 
produced.  This  diagonal,  being  considered  as  the 
measure  and  direction  of  two  forces,  may  be  com- 
pounded with  a  third,  by  making  it  the  side  of  a  new 
parallelogram,  of  which  the  third  force  constitutes  the 
measure  and  direction  of  the  other  side;  so  that  the 
diagonal  of  this  second  parallelogram  will  exhibit  the 
joint  effect  of  the  tJirec  forces,  acting  on  the  body  at 
the  same  time.  And  thus  may  any  number  of  forces 
b^Mmpounded  into  one. 

^^^^  MOMENTUM 

^^fc'we  are  now  on  the  subject  of  the  forces  requi 
site  to  give  motion  to  bodies,  it  is  necessary  that  we 
be  very  precise  in  nur  ideas  of  motion;  by  which  ve 
are  not  to  understand  the  velocity,  with  which  a  body 
is  moved,  but  tlie  force,  with  which  it  moves.  Aa  if 
two  bodies  A  and  B,  being  in  motion,  when  twice  the 
force  is  required  to  stop  A  as  to  stop  B,  then  the  mo- 
tion of  A  is  said  to  be  double  the  motion  of  B. 

In  moving  bodies,  we  must  carefully  distinguish 
between  the  velocity  with  which  they  move  over  a 
^i»en  space  in  a  given  time,  and  the  quantity  of  mo- 
tion, with  which  they  press  upon  any  obstacle  in  their 
way.  The  quantity  of  their  motion  is  sometimes  call- 
ed their  momentum;  and  depends  upon  the  velocity 
of  the  body  and  the  quantity  of  matter  it  contains.  If 
M  represent  the  quantity  of  motion,  Q  the  quantity 
of  matter,  and  V  the  velocity  of  a  body  in  motion; 
then  M=QV;  or,  the  quantity  of  motion  is  propor- 
■ional  to  the  recungle  of  the  quantity  of  matter,  a;id 
the  Tclocitv  of  the  motjon. 
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'I'he  third  law  ol'  motion  is  evident  both  from  sense 
and  experiment.  A  stretched  cord,  being  cut  asunder 
in  the  middle,  flies  towards  both  ends.  If  a  boat  and 
ship  be  connected  by  a  rope,  they  approach  each  other 
widi  an  equal  quantity  of  motion,  let  either  end  of  the 
rope  be  drawn.  When  a  horse  draws  a  load,  the  har- 
ness tliat  is  stretched  between  them,  presses  as  much 
upon  the  breast  of  the  horse  as  upon  the  load;  and  the 
progressive  motion  of  the  horse  is  as  much  retarded 
or  hindered,  as  the  motion  of  the  load  is  promoted. 

OF  NONEI.ASTIC  UODIES. 
If  a  body  that  is  perfectly  hard  or  soft  strike  agaiiut 
any  other  body,  it  will  give  some  degree  of  motion  W 
it,  and  lose  just  the  same  quantity.  Suppose  the  two 
bodies  e(|ual:  from  the  time  they  meet,  both  are  to  be 
moved  by  the  single  motion  of  the  first;  but  now,  u 
both  are  to  be  moved  by  that  force,  which  moved  the 
first  only,  the  ensuing  velocity  will  be  the  same,  as  if 
the  power  which  moved  the  first  had  been  applied  to 
both  at  the  same  time;  hence  they  will  proceed  widi 
half  the  velocity  which  the  first  moving  body  had; 
that  is,  the  first  body  will  have  lost  half  its  motion, 
and  the  other  will  have  gained  just  as  much.  Theie- 
fore,  if  the  bodies  be  both  in  motion,  and  moving 
the  same  way,  the  sum  of  their  motions  towards 
the  same  part,  or  in  the  same  direction,  will  be 
M+m=QV+qv.  But  if  they  move  in  contrary  direc- 
tions, the  sum  of  the  motion  in  the  direction  of  tbe 
first  will  be  M — m=QV — {[v.  M  and  m  re|)resentiiig 
the  momenta,  Q  and  q,  the  quantities  of  matter,  and 
V  and  V,  the  velocities  of  tlie  bodies.  Hence  suppo- 
bing  the  bodies  to  remain  contiguous  after  their  im- 
pact, ^ve  have  the  following  rute  for  their  commoD 
velocity,  x.  Divide  these  momenta  by  the  quantity  of 


matter  in  both,  ancl  you  have  the  velocity  after  col- 
J.  .        QV+qv 

OF  ELASTIC  BODIES. 

Bodies  upon  striking  each  other  suffer  an  alteration 
in  their  figure,  having  their  parts  pressed  inwards  by 
the  stroke,  which  recoil  again  as  the  bodies  endeavour 
to  recover  their  former  shape.  Tliis  power,  whereby 
bodies  recover  their  former  figure,  is  usually  called 
their  elasticity;  and  when  it  acts  it  forces  the  bodies 
from  each  other  and  causes  them  to  separate.  Now 
ihe  effect  of  this  elasticity,  when  it  is  perfect,  is  such, 
that  they  recover  their  figure  with  as  much  force  as 
that  with  which  they  were  compressed,  and  in  the 
same  time;  hence  this  power  will  separate  the  bodies, 
as  smfdy  as  they  before  approached;  and  acting  on 
both  equally — on  the  one  in  a  direction  contrarj'  to  its 
motion,  and  on  the  other  in  the  direclion  of  its  motion, 
It  will  take  from  the  former,  and  add  to  the  latter, 
equal  degrees  of  velocity,  when  the  two  bodies  are 
moving  in  the  same  direction. 

The  change  of  velocity  which  is  made  in  any  case 
ot  congress,  when  the  bodies  are  perfectly  elastic,  is 
douUe  the  change  whicli  would  be  made,  in  like  cir- 
cumstances, where  the  bodies  are  void  of  elasticity. 
For  if  two  bodies  A  and  B  strike  one  another,  what- 
ever notion  A  loses,  by  the  stroke,  B  gains,  if  they 
be  void  of  elasticity.  But  by  the  stroke  the  sides  of 
both  are  pressed  inwards,  and,  as  they  recover  their 
former  shape  with  the  same  velocity  and  in  the  same 
time  that  was  required  for  iheir  compression;  while 
the  side  of  A  nest  to  B  is  returning  to  its  former  si- 
tttation  it  must  impress  B  with  a  force  equal  to  which 


relative  velocities  with  which  they  separate,  will  atill 
be  the  same  as  that  bj'  which  they  approached  each 
oilier;  the  body  that  moved  fastest  and  overtook  the 
other,  will,  after  collision,  move  slowest;  and  the  other 
having  received  an  increment  of  velocity  from  the 
stroke,  will  now  move  forward  and  leave  the  other 

johind  as  fast  as  it  was  overtaken  by  it  before:  so  thai 
their  velocities  will  be  interchanged.  Hence  if  ODe 
body  strike  an  equal  body  at  rest,  the  pcrcutient  body 
will  communicate  all  its  motion  to  the  other,  and  re- 
main at  rest. 

From  what  has  been  said  we  may  determine  the 
velocity  of  the  bodies  after  impact,  in  the  following 
manner.  Let  Q  =  the  quantity  of  matter  in  the  body 
A,  and  q  =  that  in  B;  V  and  v  =  their  respective  ve- 
locities, and  let  x  =  the  quantity  of  motion  lost  by  A 
and  gained  by  B.  Then  QV — x,  and  qv+s  will  be 
their  respective  motions  after  the  stroke.  Consequent- 
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-  will  be  their  velocities.  Now  the 
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difference  of  these  velocities,  making  that  ihe  least, 
which  was  greatest  before  collision,  will  still  be  equal 
to  the  difference  of  their  velocities  before  they  met; 
supposing  the  bodies  moved  the  same  way. 

_qv+x    oy:^ 


QqV— Qqv=Qqv+Qx— QqV+qs 


=Q+qXX 

— v=  the  quantity  of  motion  lost 


2QqxV- 

-^^"^^ 
ly  A  and  gained  by  B. 

Now  substituting  this  value  of  x  in  the  expressions 
for  the  vriocities  of  the  bodies  A  and  B,  we  have 


v=  the  velocity  ol'  A  after  collision. 
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v+g — X  V — .v=  the  velocity  of  B  after  coUbion. 

N.  B.  If  the  bodies  move  in  contrary  directions,  v 
must  have  a  contrary  si^,  because  B  is  supposed  in 
these  theorems  to  move  in  the  same  direction  with  A. 
If  fl  be  supposed  at  rest,  then  v=;o.  And  if  either  of 
these  expressions  should  be  negative,  then  the  motion 
of  that  body  is  contrary  to  what  it  was  supposed  to  be 
before  their  congress,  in  these  theorems. 

EXAMPLES. 

Let  Q=3,  V=8,  q=9  and  v=2,  when  both  bodies 
Biove  in  the  direction  of  A  forwards. 

r-=S — 9= — 1=  the  velocity  of  A  backwards. 


=5=  the  velocity  of  B  forwards. 

Let  Q=l,  y=5,  q=3,  v=ll,  when  B  moves  c<aK  ' 
trarj-  to  A. 

-= — 19=  tiie  velocity  of  A  backwards. 

2x16 
1+ — - — = — 3=  the  velocity  of  B  forwards,  or- 
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ffary  to  the  direction  of  A. 
These  theorems  may  be  easily  remembered  by 
comparing  the  quantity  of  motion  lost  and  gained, 
by  bodies  that  have  no  elasticity,  with  what  is  lost  or 
gained  by  clastic  bodies,  and  remembering  that  the 
action  of  the  latter  is  always  double  the  action  of  the 
fonner. 

'These  theorems  therefore  may  be  expressed  in  (Re 
following         «.)..«••.......     ._, *-.. 
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Compute  tlic  motion  lost  and  gaiiiecl  by  ihc 
slon  on  the  supposition  that  the  bodies  were  nonelas- 
tic;  double  this  tjuantity  and  add  it  to  the  first  mouon 
of  the  body  that  has  gained  motion  Ijy  the  stroke,  and 
subtract  the  double  loss  ol"  motion  from  the  first  mo- 
tion oi"  the  body  tliat  has  lost  motion  by  the  stroke, 
and  yuu  will  have  the  motion  of  both  after  collision. 

N.B.  When  a  body  loses  its  whole  motion  and  ac- 
quires a  contrary  motion  the  other  waj',  these  two 
motions  must  be  collected  into  one  sum,  in  order  tu 
have  the  motion  that  is  lost ;  and  when  the  quantil) 
to  be  subtracted  exceeds  the  quantity  of  motion  be- 
fore the  stroke,  the  lesser  is  still  lo  be  subtracted  ffoni 
the  greater,  and  the  difference  is  the  motion,  inlbc 
contrary  direction, 

From  the  foregoing  theorems  and  computations  il 
will  ahva>'5  be  found  that  the  tiuantity  of  motion  tt- 
wards  the  s;ime  point  is  not  alterad  by  the  stroke, 
either  in  elastic  or  nonelastic  bodies:  the  motion  in 
the  contrary  direction  being  always  subtracted,  lu 
elastic  bodies,  if  the  body  A  of  one  pound,  and  15 
degrees  of  velocity  strike  against  B  at  rest  of  four 
pounds  weight,  B  will  move  forward  with  6  degrees 
of  velocity;  so  that  its  quantity  of  motion  will  be  24; 
which  is  nine  more  than  the  motion  of  A  at  first;  but 
this  9  must  be  subtracted  from  24;  because  the  body 
A  after  the  collision  is  reflected  back  with  that  quan- 
tity of  motion.  It  will  also  be  found  that  if  the  bodies 
be  equal,  they  will  either  move  forward,  or  be  reflec- 
ted backwards,  with  interchanged  velocities.  If  one, 
two,  three,  or  four  bodies,  all  equal,  strike  against 
any  number  of  equal  bodies,  the  motion  will  be  com- 
municated through  them,  and  as  many  will  fiy  off. 
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while  the  others  will  remain  at  rest.  If  one  strike 
against  a  number  at  rest,  it  will  move  the  first  with 
its  own  velocity  and  remain  at  rest;  the  second  moves 
die  third  in  like  manner  and  remains  at  rest,  and  so 
QD  to  the  last;  which,  having  none  to  strike,  flies  off 
with  the  velocity  acquired.  In  like  manner  you  may 
conceive  of  all  the  rest. 

If  a  small  body  strike  a  larger  body  at  rest,  the 
greater  body  acquires  more  momentum  than  the 
mailer  body  had  at  first,  viz.  as  much  more  as  that 
with  which  it  is  reflected  back:  and  the  motion  of  the 
larger  body  is  increased  by  the  interposition  of  a  body 
of  an  intermediate  bigness;  and  this  increase  of  mo- 
tion is  greatest  when  the  intermediate  body  is  a  geo- 
metrical mean  between  the  other  two.  Let  the  quan- 
tities of  matter  in  the  three  bodies  be  as  1,2,4,  and 
the  first  strike  upon  the  second  with  the  velocity  18, 
it  will  communicate  to  the  second  a  velocity  of  12, 
and  a  motion  or  momentum  of  24;  which  motion  will 
communicate  to  the  third  a  velocit)'  of  8,  and  a  mo- 
mentum of  32.  But  for  the  want  of  perfect  elasticit}', 
the  error  in  experiments,  where  there  is  a  double  per- 
cussion, will  be  more  sensible,  and  the  momentum 
in  the  above  case  will  in  ivory  balls,  scarcely  exceed 
30. 

MECHANICS. 
On  the  doctrine  of  the  momenta  of  bodies,  depends 
the  operation  of  the  mechanic  powers:  but  before  we 
can  explain  these,  it  will  be  necessary  to  premise  a 
few  things,  concerning  the  centers  of  magnitude,  of 
motion,  and  of  gravity.  The  center  of  magnitude  is 
that  point  of  a  body  which  is  equally  distant  from  all 
the  external  parts  of  it :  and  in  uniform  bodies,  it  is 
the  same  with  the  center  of  motion,  whifch  is  that 
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point  which  remains  at  rest,  while  ;ill  tlie  parts  of  the 
body  revolve  round  it,  in  any  direction.  The  center 
of  gravity  is  that  point,  about  which  all  the  parts  of 
the  body  exactly  balance  each  other;  those  in  oppo- 
site directions  having  equal  momenta.  So  that  if  a 
body  be  suspended  by  this  point,  it  will  rest  indiffe- 
rently in  any  position;  for  then  the  momentum  of  any 
particles  lo  carry  the  body  round  is  counteracted  by 
an  equal  momentum  of  other  particles  in  the  opposite 
direction.  As  long  as  this  point  is  supported,  the  whde 
body  is  prevented  from  falling  or  descending;  but  if 
it  be  at  liberty  to  descend,  the  body  falls  or  tumbles 
downward,  however  to  appearance  it  may  seem  to 
ascend,  as  in  the  case  of  the  rolling  cones,  whose  cen- 
ter of  gravity  really  descends  while  the  ends  of  the 
cones  seem  lo  roll  up  an  inclined  plane.  Another  pro- 
perty of  this  point  is  this;  if  a  body  be  suspended  by 
any  other  point,  it  cannot  be  at  rest,  in  any  positioa, 
excepting  two,  namely,  when  the  center  of  gravity  is 
directly  above,  or  directly  bdow  the  point  of  suspCH' 
sion.  Hence  the  solution  of  many  curious  phenome- 
na: as  for  example, — why  some  bodies  stand  more 
firmly  on  their  bases  than  others, — why  some  stand 
better  in  an  inclined  position, — why  a  wagon  loaded 
with  iron  or  heavy  materials  is  carried  safely  along  a 
shelving  road,  where  one  loaded  with  hay  would  be 
overset, — why  we  stand  firm,  while  the  center  of 
gravity  of  the  human  body  (which  is  in  the  pelvis)  is 
perpendicularly  over  the  base  line  of  the  feet,  but 
tumble  down,  when  it  is  removed  from  that  position, 
— why  equilibrists  and  wirtdancers  perform  such 
wonders,  by  a  nice  adjustment  of  this  point  over  Uk 
wire — why  our  feet  must  be  brought  under  thispmBl 
before  we  can  rise  from  our  seats, — why  fowls  streicb 
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their  heads  forwards,  when  they  walk  up  an  hill, — 
and  how  a  bucket  may  be  formed,  that  ^hull  turu  its 
mouth  downwards  when  empty,  and  upwards  when 
full.  Hence  also  you  see  the  reason  of  suspending  a 
bucket  of  water  upon  a  short  stick  laid  on  the  edge 
of  a  table,  &c. 

You  may  easily  find  the  center  of  gravity  of  any 
irregular  body,  that  has  a  plane  surface,  by  suspend- 
ing it  by  any  point,  and  hanging  a  plummet  from  the 
point  of  suspension;  for  tiie  center  of  gravity  is  in  this 
line:  then  suspend  it  by  any  other  point,  and  ibe 
piumbline  from  this  point  must  intersect  the  former 
line  in  the  center  of  gravity. 

In  homogeneous  bodies,  such  as  circles,  squares  8cc. 
it  is  the  middle  point  of  the  hne  that  connects  any  two 
opposite  pointb:  in  a  triangle,  it  is  in  a  line  drawn 
from  llic  vertical  angle  bisecting  the  base,  and  one 
tliird  of  die  length  of  this  line  from  the  base:  in  the 
axis  of  a  cone,  one  third  of  the  length  from  the  base, 
if  the  cone  be  hollow,  but  one  fourth,  if  the  cone  be 
solid.  In  two  bodies  connected  together,  their  com- 
mon center  of  gravity  is  between  them,  and  at  such 
a  distance  from  each,  tliat  their  respective  distances 
multiplied  into  their  weights  shall  produce  equal  mo- 
menta or  products.  If  this  point  of  an  inflexible  line, 
which  connects  the  bodies  be  supported,  it  is  evident, 
the  bodies  must  be  in  equilibrio,  and  cannot  descend, 
while  it  remains  at  rest.  The  force  of  each  of  the 
bodies,  to  cause  the  system  to  descend,  depends  upon 
its  weight  and  velocity,  which  constitute  their  respec- 
tive momenta;  and  their  velocities,  being  measured 
by  the  spaces  they  pass  over  in  equal  times,  while 
they  libratc  up  and  down  on  their  common  center,  are 
(ortioDal  to  the  arches  of  the  circle  they  describe; 
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or  to  their  radii,  which  are  their  respective  distancCB 
from  it.  Now  tlieir  weights  being  multiplied  into  thor 
velocities  or  distances  from  the  common  center  pro- 
ducing equal  momenta  or  productb,  the  force  of  one 
body  to  cause  the  whole  system  to  descend  is  exact^ 
balanced  by  the  other;  so  that  the  system  is  at  rest, 
and  the  said  point  is  the  center  of  gravity. 

This  is  the  fundamental  proposition  of  mechanics; 
and  enables  us  to  compute  the  force  of  any  machine, 
whether  simple  or  compound.  You  may  find  this  point 
by  the  following 

RULE, 

By  the  sum  of  the  weights,  divide  the  product  of 
the  distance  and  one  of  the  weights,  and  tlie  quotient 
'\vill  be  the  distance  of  the  other  weight  from  the  cen- 
ter of  gravity,  f^l 

OF  THE  MECHANIC  POWERS.  ^ 

There  are  but  five  simple  mechanic  powers;  and 
of  these  ail  the  machines  in  the  world  are  compounded. 
Till  /ever,  the  pulley,  the  wheel  and  axle,  the  inclined 
plane  or  ivedgey  and  the  screw. 

They  are  called  mechanic  powers,  because  by  die 
use  of  them  our  power  over  matter  is  increased;  and 
by  a  small  exertion  of  our  natural  strength  we  arc 
thereby  able  to  move  large  qviantities  of  matter.  But 
since  the  momentum  of  matter  arises  from  its  vis  in- 
ertias or  quantity,  and  its  velocity  of  motion;  and  the 
firstofthese  being  unalterable,  and  the  other  variable, 
any  contrivance,  to  diminish  the  velocity  of  its  mo- 
tion, win  give  us  an  advantage  over  its  weight;  but 
from  what  we  have  already  said,  we  see  that  there  is 
no  other  means  to  accomplish  this,  than  by  increasing 
the  velocity  of  our  own  exertions  exactly  in  the  same 
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proportion  that  we  diminish  that  of  matter  to  be 
moved.  For  the  products  of  the  weight  and  velocity 
of  matter,  and  of  our  strength  and  velocity  of  exer- 
tion must  still  be  equal,  when  there  is  an  equilibrium 
between  them.  Now  the  human  force,  being  generally 
less  than  the  quantity  of  matter  we  wish  to  move, 
may  be  represented  by  a  small  weight,  which  we  arc 
able  to  raise  without  the  intervention  of  anv  ma- 
chine,  and  is  therefore  by  the  writers  on  this  subject, 
usually  called  the  power;  while  the  larger  quantity  of 
matter  to  be  moved  is  denominated  the  weight.  The 
fower  and  the  weight,  thus  understood,  are  always 
applied  to  the  same  machine,  at  different  places;  and 
the  point  on  which  the  machine  turns,  which  we  have 
hitherto  described  under  the  name  of  the  center  of 
gravity,  is  commonly  called  the  fulcrum;  because  by 
the  distances  from  this  point  the  velocities  of  the 
power  and  weight  are  respectively  measured  and  de- 
termined. 

THE  LEVER. 

The  lever,  the  most  simple  of  all  the  mechanic 
powers,  and  that  to  which  all  the  rest  may  be  refer- 
red,  is  an  inflexible  rod,  supposed,  in  theory,  to  be 
without  weight,  and  supported  on  an  immovable 
point,  called  the  fulcrum;  while  the  power  is  applied 
at  one  end,  and  the  weight  to  be  moved  at  the  other. 
Now,  in  order  to  increase  the  velocity  of  the  power 
above  that  of  the  weight,  it  must  be  applied  to  that 
end  which  is  most  distant  from  the  fulcrum,  that  it 
may  pass  over  a  larger  space  than  the  weight  in  the 
same  time.  As  there  will  be  an  equilibrium  between 
the  power  and  weight,  when  their  momenta  are  equal; 
it  follows,  by  turning  this  equation  into  a  proportion, 
that  the  power  will  be  to  the  weight,  inversely  as  their 
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velocities  or  distances  from  the  fulcrum,  or  perpen* 
(Ticular  ascent  and  descent  in  the  same  lime:  and  tbn 
proposition  holds,  true  in  all  the  mechanic  powers. 

The  hammer,  for  drawing  nails  out  of  timber,  is 
no  more  than  a  bended  lever,  where  the  hand  is  ihc 
power,  the  resistance  of  the  wood  is  the  weight,  and 
the  point  on  which  the  hammer  rests  in  drawing  Uie 
nail,  is  the  fulcrum.  Levers  are  of  four  different  kinds: 
1.  Where  the  power  and  weight  arc  applied  to  the 
ends;  2.  Where  the  fulcrum  is  at  one  end,  the  power 
at  the  other,  and  the  weight  between  ihem;  3.  Where 
the  fulcrum  is  at  one  end,  the  weight  at  the  other  aod 
the  power  between  them;  4.  When  the  fulcruBiis 
placed  at  equal  distances  between  the  power  and 
weight,  and  then  it  is  called  the  balance,  %vhose  use 
is  not  to  raise  a  weight,  but  to  compare  one  weight 
with  another,  called  a  standard,  if  the  arms  of  the 
balance  be  unequal  in  length,  and  this  inequality  be 
compensated  by  the  greater  weight  of  the  shorter 
arm,  or  by  the  difference  of  weight  in  the  scales,  sO 
that  the  beam  may  hang  in  equilibrio  with  the  scales, 
it  will  be  deceitful;  and  this  deceit  may  be  detected 
by  changing  the  scales,  or  the  articles  put  into  them, 
from  one  scale  to  the  other. 

When  the  arms  are  nicely  equated  in  length  and 
weight,  and  divided  into  equal  parts,  it  becomes  the 
proportional  balance,  to  be  used  without  scales:  and 
when  the  products  of  the  different  weights  into  their 
respective  velocities,  added  together  on  one  side,  art 
equal  to  the  sum  of  the  like  products  on  the  other, 
there  will  be  an  equilibrium  formed.  The  steelyard 
is  a  lever,  which  shows  the  comparative  weight  of 
bodies  by  a  common  weight  to  be  moved  lo  different 
distances  from  the  fulcrum. 


The  effect  of  the  compound  lever  is  computed, 
io  the  same  way,  as  that  of  the  simple  lever. 


THE  PULLEV. 

The  pulley  is  a  small  wheel,  movable  round  a  fixed 
center,  while  a  rope  passes  round  a  groove  on  its  cir- 
cujnference,  to  one  end  of  which  tlie  weight  is  fixed, 
and  tlie  power  to  the  other.  If  the  pulley  be  single, 
and  hxed  to  a  beam  above,  it  contributes  nothing  to 
the  raising  of  the  weight,  for  the  power  and  weight 
must  be  equal,  to  hang  in  ctjuitibrio;  since  they  have 
equal  velocities  as  they  pass  over  equal  spaces  in 
equal  times.  This  pulley  only  changes  the  direction 
of  the  power. 

But  if  one  end  of  the  rope  were  fixed  to  a  beam 
above,  and  from  thence  passed  round  the  pulley  be- 
low, and  the  weight  fastened  to  the  pulley,  the  beam 
wguid  sustain  half  of  the  weight,  and  the  power  would 
SUbtain  the  other  half.  For  while  the  weight  is  raised 
one  ioot,  each  rope  is  shortened  one  foot,  and  the 
power  of  consequence  passed  over  two  feet.  There- 
ibre  to  constitute  an  equilibrium,  the  power  being  to 
the  weight  as  the  velocity  of  the  weight  to  the  velo- 
city of  the  power,  one  will  be  double  to  the  other.  If 
the  rope  therefore  instead  of  being  held  in  the  hand 
above,  pass  over  a  pulley  fixed  to  the  beam  at  top, 
and  from  thence  pass  round  a  second  pulley  fixed 
in  ihfi  lower  block,  to  which  the  weight  is  fastened; 
this  second  pulley  would  give  the  same  advantage, 
with  the  hrst,  in  raising  the  weight.  Now,  while  the 
weight  rises  one  foot,  each  of  the  four  ropes  that  go 
round  the  two  pulleys  of  the  lower  block  will  be  short- 
ened one  foot,  and  the  hand  or  power  will  pass  over 
fe^lleet,  and  have  foui;  times  the  velocity  of  the 


96 

weight;  and  therefore  need  be  no  more  than  one  fourth 
of  the  weight  to  stand  in  equilibrio  with  it  So  that, 
let  there  be  ever  so  many  pulleys  in  the  lower  block, 
each  of  them  affording  an  advantage  equal  to  the  first, 
in  raising  the  weij^t,  the  velocity  of  the  power  will 
be  increased  beyond  that  of  the  weight,  in  the  pro- 
portion of  unity  to  the  number  of  ropes  that,  pass 
round  the  lower  block.  There  will  then  be  an  eqin- 
librium,  when  the  power  is  to  the  weight,  inverady 
as  their  velocities,  or,  as  unity  is  to  the  number  of 
ropes  going  to  and  from  the  lower  block. 

There  are  various  other  combinations  of  pulleys, 
which  are  easily  understood  from  what  has  been  sidd. 
For  in  all  of  them,  the  power  is  to  the  weight  inverse- 
ly,as  their  velocities. 

THE  WH££L  AND  AXL£. 

The  axle  and  wheel  is  another  simple  mechamc 
power,  for  raising  a  weight  fixed  by  a  cord  to  die 
axis,  while  the  power  is  applied  to  the  circumference 
of  the  wheel  by  another  cord  wound  about  the  whed 
in  the  contrary  way.  Now  that  the  power  and  weight 
may  be  in  equilibrio,  the  power  must  be  to  the  weight, 
as  the  circumference  of  the  axis  to  the  circumference 
of  the  wheel,  or  as  their  diameters,  because  these  are 
as  their  velocities.  For  while  the  power  is  passing 
over  a  space  equal  to  the  circumference  of  the  wheel, 
the  weight  lias  passed  over  a  space  equal  to  the  cir- 
cumference of  the  axis,  by  the  cord  winding  once 
round  it.  Now,  these  spaces  being  as  the  velocities 
of  the  power  and  of  the  weight,  it  is  evident,  that  the 
same  proportion  holds  good  in  this  machine,  as  in  the 
lever  and  pulley;  viz.  The  power  is  to  the  weight  in- 
versely as  their  velocities.  The  wheel  and  axis  is 
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indeed  no  other  than  the  lever,  or  at  least  may  be  re- 
duced to  it,  by  considering  the  center  of  the  wheel 
as  the  fulcrum,  while  two  opposite  radii,  one  of  the 
wheel  and  the  other  of  the  axis,  constitute  the  longer 
and  shorter  arms  of  the  lever;  and  as  these  radii  arc 
the  respective  distances  of  the  power  and  weight  from 
the  common  center  of  motion,  or  fulcrum,  the  power 
and  weight  are  to  each  other  inversely  as  these  radii 
or  distances  from  the  fulcrum ;  as  was  shown  to  be 
the  case  in  the  lever. 

It  is  usual  to  combine  a  multiplicity  of  wheels  to- 
gether in  various  machines,  such  as  clocks,  watches, 
&c.  and  the  power  of  the  whole  combination  may  be 
computed  from  the  proportion  given  above.  If,  for 
example,  the  teeth  of  a  wheel,  which  are  in  number 
sixty  round  the  circumference,  drive  the  wings  or 
pinions  of  an  axis,  which  are  only  six  in  number;  it 
is  evident  that  the  wheel  must  move  with  one  tenth 
of  the  velocity  of  the  axis;  or  that  the  second  axis 
must  move  ten  times  as  fast  as  the  first  wheel,  and 
therefore  will  raise  ten  times  the  weight  of  the  power, 
supposing  the  w  eight  raised  to  be  applied  to  an  axle 
of  die  same  diameter;  but  if  the  cord  that  raised  the 
weight  were  wound  round  an  axle  of  only  one  fourth 
of  the  diameter  supposed  above;  one  pound  applied 
to  the  circumference  of  the  first  wlieel  would  raise 
forty  pounds  applied  to  the  axis  of  the  second:  and 
so  for  any  number  of  teeth  in  any  combination  of 
wheels,  and  any  diameters  of  the  wheels  and  axles. 

THE  INCLINED  PLANE  AND  WEDGE. 

The  inclined  plane  is  a  machine  for  raising;  weights 
by  being  rolled  up  the  plane.  By  this  machine  a  con- 
siderable  part  of  the  weight  is  supported,  whik  the 
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rcniaiiulcr  is  drawn  or  pushed  4p  by  the  power.  To 
know  when  there  will  be  an  ^quilibriuio  betweealhe 
power  and  the  weight,  we  must  consider  the  velod- 
ties  of  each,  or  the  spaces,  that  are  passed  over  b) 
caeh  in  the  same  time.  Now,  it  is  plain,  that  when 
the  weight  has  been  rollud  up  the  whole  length  oflhc 
plane,  and  the  power,  connected  with  it  by  a  cord, 
has  descended  the  same  distance,  the  weiglit  is  only 
advanced,  in  perpendicular  altitude,  the  height  oflhc 
plane,  while  the  power  has  descended  through  a  space 
equal  to  the  length  of  the  plane.  These  spaces  there- 
fore passed  over  in  the  same  time  are  the  measuresof 
their  respective  velocities.  Hence,  a*s  there  will  beaa 
equilibrium  between  the  power  and  the  weight,  when 
they  are  to  one  another  inversely  as  their  respective 
velocities;  the  power  sufficient  to  sustain  a  weight  on 
any  inclined  plane,  will  be  to  that  weight,  as  the  height 
or  perpendicular  altitude  of  the  plane  is  to  the  length 
of  the  plane:  e.  g.  If  the  length  of  the  plane  be  ttD 
times  its  height,  then  a  power  of  ten  pounds  is  suffi- 
cient to  sustain  one  of  a  hundred  on  such  a  plane. 

THE  WEDGE, 

The  wedge  is  no  other  than  two  inclined  plaaei 
joined  together;  and  is  used  for  splitting  timber,  or 
raising  weights,  by  being  driven  under  ibem  bfi 
stroke,  whose  momentum  is  here  called  the  powcti 
while  the  resistance  of  the  timber,  or  the  gravis  of 
the  body  to  be  raised  is  called  the  weight.  Wheoilii 
therefore  put  under  any  weight,  the  force  with  wtuch 
the  wedge  will  lift  that  weight,  when  driven  under  it, 
by  a  blow  on  the  end,  \fill  bear  the  same  proportion 
to  the  force,  wherewith  the  lilow  would  act  on  the 
weight,  if  directly  applied  to  it,  as  the  velocity  which 
the  wedge  receives  from  the  blow,  bears  to  the  velo- 


>*  ^^>  wherewith  the  weight  is  lifted  by  the  v/edge. 
I    ^erefore  the  power  is  to  the  weight,  as  half  the 
^^kness  of  the  wedge  is  to  its  length. 

0,  TH£  SCREW. 

The  screw  is  also  applied  for  raising  weights,  by 

Wiessing  upon  them,  when  fixed  in  a  frame;  and  while 

*tlc  power  which  is  applied  to  the  handle  of  the  screw 

pisses  over  the  circumference  of  the  circle  in  which 

It  moves,  the  weight  is  raised  only  the  distance  be- 

ttveen  two  contiguous  threads  of  the  screw,  and  these 

fKstances  are  proportional  to  their  respective  velocU 

ties.  Therefore  the  power  is  to  the  weight,  as  the 

4istaQce  between  two  contiguous  threads  of  the  screw 

B  to  the  circumference  of  the  circle  described  by 

die  power  in  one  revolution.  For  they  are  to  one  ano- 

tfier  inversely  as  their  velocities. 

'*  These  are  all  the  simple  mechanic  powers,  and  of 
Ibtse  are  all  the  machines  in  the  world  composed,  by 
^  mdi  various  combinations,  as  may  best  answer  the 
intention  of  the  artist. 

Instead  of  raising  weights,  the  design  of  the  artist 
is  sometimes  only  to  cause  some  light  body,  whose 
gravity  is  not  regarded,  to  move  with  a  certain  de- 
terminate velocity,  such  as  in  clocks  and  watches, 
orreries,  &c.  w^hich  are  usually  constructed  with 
wheels,  whose  circumferences  are  divided  into  a  cer- 
tain number  of  teeth  playing  in  the  pinions  on  the 
axle  of  another  wheel;  so  that  by  the  proper  adjust- 
ment of  the  number  of  the  teeth  and  pinions  the  ve- 
locity of  the  wheels,  with  reispect  to  one  another,  may 
be  increased  or  diminished  in  any  proportion. 

These  may  be  easily  computed  by  the  proportions 
above  laid  down. 


i  ■  What  we  have  said,  in  our  explanation  of  the  effect 
of  these  simple  mechanic  powers,  proceeds  upon  the 
supposition,  that  the  parts  of  the  machine  suffer  no 
retardation  in  their  motions,  by  friction,  or  the  rub- 
bing of  one  part  upon  another.  But  p^at  allon'unces 
must  be  made  on  this  account,  as  it  generally  destroys 
one  third  part  of  the  effect  of  those  machines,  that  are 
designed  for  raising  weights.  This  friction  is  alwa^ 
in  proportion  to  the  weight  of  the  parts  of  the  machine 
that  move  on  others,  and  to  the  velocity  of  their  me- 
tion.  Now  it  is  of  great  consequence  in  the  construc- 
tion of  machines,  that  the  parts  be  as  will  polished 
and  smooth  as  the  nature  of  the  materials  will  admit 
of;  and  that  the  velocity  of  the  parts  that  rub  oo 
others,  be  as  much  diminished  as  possible.  The  fric- 
tion of  the  epd  of  an  axle  is  much  lessened,  by  in- 
serting a  gudgeon  In  the  end,  diat  it  may  revolve  oa 
this;  as  the  velocity  of  the  rubbing  parts  is  dimiiusb- 
cd  in  the  proportion  of 'the  diameter  of  the  axle,  to 
the  diameter  of  the  gudgeon.  And  the  velocity  m^ 
be  still  farther  lessened,  by  laying  the  gudgeoo  oo 
the  circumferences  of  two  wheels,  which  are  carried 
round  by  the  gudgeon,  without  any  friction,  but  what 
arises  from  the  slow  motion  of  the  axes  of  these  fric- 
tion ivhccls. 

Hence  we  see  the  reason  of  laying  a  heavy  body 
on  wheels  or  rollers,  that  it  may  be  transported  from 
place  to  place,  with  little  friction,  while  the  wheel  or 
roller  sustains  the  weight.  Wheel  carriages  meet  with 
less  resistance  than  any  other  kind  of  carriages,  from 
the  inequalities  of  the  road.  The  larger  that  the  wheels 
are,  so  much  easier  is  the  draught,  until  the  radius 
becomes  equal  to  the  height  of  the  horse's  breast. 
The  larger  that  a  wheel  is,  at  so  much  the  greater 
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distance  from  the  point  of  contact  between  tlie  wheel 
and  the  ground  will  it  reach  an  obstacle,  over  which 
the  load  is  to  be  drawn,  and  thereby  affords  the  ad- 
vantage of  an  inclined  plane  of  a  greater  length,  for 
raising  the  weight  over  the  obstacle.  Besides  tliis, 
the  larger  wheels  have  less  friction  on  their  axes,  be* 
cause  their  velocity  is  less,  than  that  of  small  wheels, 
in  passing  over  any  given  distance,  in  a  given  time. 
And  small  wheels  sink  deeper  in  a  soft  road,  than 
larger  wheels,  and  thereby  increase  the  difficulty  of 
transportation.  Hence  a  carriage  of  four  large  wheels 
is  drawn  with  less  force,  than  one  of  two  large  and 
two  small  wheels.  And  a  carriage  with  unequal  (vheels 
is  drawn  with  less  force,  when  the  load  is  laid  on  the 
axis  of  the  larger  wheels,  than  when  laid  on  the  axis 
of  tlie  lesser.  But  these  advantages  of  larger  wheels 
are  in  some  measure  counterbalanced  by  the  difficulty 
of  turning  in  u  small  and  narrow  compass.  Hence  car- 
riages are  generally  constructed  with  unequal  wheels. 
And  this  construction  has  this  farther  advantage,  that 
the  line  of  traction  tlirough  the  axis  inclines  to  the 
horizon  before  the  horses  and  below  their  breasts,  so 
that  in  drawing  they  in  some  measure  lift  the  load 
over  any  obstacle,  while  a  contrary  inclination  would 
press  the  load  into  the  earth  and  increase  the  difficul- 
ty of  drawing  it  along. 


I 
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OF  COMPOUND  MACHINES 

In  a  combination  of  levers,  the  power  will  sustain 
the  weight,  when  the  power  is  to  the  weight,  as  the 
product  of  all  the  distances  of  the  weight  from  the 
fulcra  is  to  the  product  of  all  the  distances  of  the 
power  from  the  fulcra;  or  as  the  product  of  all  the 
shorter  ends  of  the  levers,  is  to  the  product  of  all  the 


longer  ends.  And  in  a  combination  of  wheels  and 
axles,  the  power  will  susiiiin  the  weight,  when  the 
power  is  to  the  weight  as  the  product  of  all  the  dia- 
meters of  the  axles  is  to  the  product  of  all  the  diame- 
ters of  the  wheels.  And  in  general,  in  every  raachinc, 
the  power  will  sustain  the  weight,  when  they  are  to 
each  other  inversely  as  their  velocities.  So  that  what 
is  gained  in  power  is  lost  in  time;  and  it  is  impossible 
to  do  otherwise- 

OF  FRICTION. 

In  estimating  the  power,  the  weight  of  the  mfttter 
of  which  the  machine  is  made,  and  the  friction  of  its 
parts,  must  be  added  or  subliacted,  according  as  it  is 
for  or  against  the  power.  The  softer  or  rougher  that 
bodies  are  which  rub  upon  each  other,  the  greater,  in 
general,  is  the  friction;  if  their  pressure  be  increased 
the  friction  will  be  increased  in  the  same  ratio:  and 
if  their  velocity  be  increased,  the  friction  will  also  be 
increased,  but  not  in  the  same  ratio.  In  general,  the 
increase  or  diminution  of  smooth  surfaces  makes  no 
alteration  in  the  friction  while  the  weight  and  veloci- 
ty continue  the  same.  Wood  slides  more  easily  on 
the  ground  in  wet  weather  than  in  dry,  and  mat 
easily  than  iron  in  drj'  weather,  but  iron  more  easttf 
than  wood  in  wet  weather.  A  cubic  piece  of  soft 
wood,  eight  pounds  in  weight,  moving  at  the  rate  of 
three  feet  per  second  on  a  smooth  plane  of  soft  wood, 
has  a  friction  equal  to  two  thirds  of  its  weight  nearly; 
but  moving  on  a  smooth  plane  of  hard  wood,  its  fric- 
tion is  equal  to  about  one  sixth  of  its  weight:  and 
hard  wood  upon  hard  wood  has  a  friction  equal  to 
about  one  eighth  part  of  its  weight.  Two  thirds  of 
the  friction  of  wood  upon  wood  may  be  destroyed  bf 


103 

oil  or  grease  properly  applied.  The  naves  of  wheels 
have  four  times  less  friction,  when  greased  than  when 
wet.  When  polished  steel  moves  upon  polished  steel 
or  pewter  properly  oiled,  the  friction  is  about  one 
fourth  pf  its  weight;  on  copper  or  lead,  about  one 
fifth;  and  on  brass,  one  sixth  of  its  weight. 

The  friction  of  ropes  moving  on  machines  depends 
upon  their  stiffness,  tension,  grease  and  state  of  the 
Weatlier.  All  other  circumstances  being  equal,  the 
difficulty  of  bending  a  rope,  is  as  the  square  of  its 
diameter  and  its  tension  directly,  and  inversely  as  the 
diameter  9f  the  cylinder  or  pulley,  about  which  it 
goes.  A  rope  of  one  inch  diameter  tended  by  five 
pounds  and  passing  over  a  pulley  of  three  inches  di- 
ameter requires  a  weight  of  one  pound  to  bend  it.  In 
the  pulley,  the  friction  is  directly  as  the  weight,  the 
velocity,  and  diameter  of  the  axis;  and  inversely  as 
the  diameter  of  the  pulley.  A  single  pulley  loaded  with 
14  pounds  at  each  end  of  the  rope,  requires  one  pound 
to  be  added  to  one  end  to  raise  the  weight  at  tlie  other. 
And  a  power  of  one  hundred  pounds  that  would  sus- 
tain a  weight  of  500  pounds  with  a  combination  of 
pullies  of  5  ropes  requires  an  addition  of  50  pounds 
to  raise  the  weight.  In  the  wheel  and  axle,  the  fric- 
tion on  the  axle  is  as  the  weight,  the  velocity,  and 
diameter  of  the  gudgeon.   On  the  inclined  plane,  the 
friction  is  according  to  the  matter  and  surface  of  the 
rubbing  bodies,  and  the  bending  of  the  rope  and  rub- 
bing  of  the  pulley,  as  explained  above. 

EQUABLE  MOTION. 

£<^UAfiL£  motion  is  that  which  is  generated  in  -a 
body  by  a  single  impetus ;  by  wbjich  the  body  will 
pass  over  equ^  spacer  iDL>«q^iiL^  The  spaces 
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Oiereforc  must  be  proijortional  to  the  limes;  that  is, 
if  it  pass  over  a  mile  in  an  hour,  it  will  pass  over  two 
miles  in  two  hours,  if  the  velocity  continue  the  same 
without  variation.  The  spaces  also,  that  are  passed 
over  in  a  given  time,  must  be  proportional  to  the  ve- 
locity of  the  motion;  for  if  with  a  (;ertain  velocity  it 
pass  over  a  mile  in  an  hour,  with  double  that  velocity 
it  would  pass  over  two  miles  in  the  same  time.  Hence 
as  the  spaces  depend  on  both  the  time  and  velocity  of 
the  motion,  they  will  be  proportional  to  the  rectangle 
of  both.  Let  S  =  the  space,  T  =  the  time,  and  V= 
.S 


the 


,  then  S=TV.  V=;^  and  T=-;.  Hence 


locity,    iiiLii    ^— ±   ..     .  ^rjT 

the  velocity  will  be  directly  as  the  space  and  inverse- 
Ij' as  the  time;  and  the  time  will  be  directly  as  ibt 
space  and  inversely  as  the  velocity.  And  if  the  spaces 
be  equal  or  given,  the  timc3  and  velocities  will  be  in 
an  inverse  ratio  to  each  other;  that  is  the  less  the  timC 
is,  the  greater  must  be  the  velocity  in  order  to  pass 
over  the  given  space. 

Tj  accelerated  motion 

rN  BODjea  obscehdiho  nv  guavitt,  in  vacuo. 
Accelerated  motion  is  produced  by  the  conttnutf 
operation  of  the  moving  force  every  instant;  genera- 
ting an  additional  velocity  every  moment.  And  u 
gravity  is  such  a  force  a^  continually  exerts  its  in- 
fluence on  descending  bodies,  to  bring  them  in  right 
lines  towards  the  center  of  the  earth,  their  motion 
must  be  continually  acceleriited:  and  as  it  acts  willi 
equal  force  on  the  same  body  at  all  limes,  the  incre- 
ments of  %"elocity  produced  by  its  exertion  must  be 
equal  in  equal  times;  that  is  the  motion  of  heavy  bo- 
dies descending  freely  near  the  earth's  surface,  bf  | 
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the  foroe  of  gravity,  in  spaces  void  ol"  all  resistance, 
must  be  equably  acceleratedl  Secondly,  the  increments 
of  velocity  generated  in  every  indefinitely  small  portion 
of  time,  being  efjual  to  one  another,  Uie  aggregate  or 
sum  of  them,  at  the  end  of  the  fall  must  bear  a  con- 
stant proportion  to  the  time  in  which  they  were  pro- 
duced: that  is,  the  lubt  aecjiiired  velocity  is  always  pro- 
portional to  the  time  of  the  fall.  Thirdly,  the  Kpuces 
passed  over  by  descending  bodie.s  are  as  the  squares  of 
the  times,  or  as  the  scjuares  of  the  last  acquired  vclociiios. 
For  the  spaces  depend  boih  on  the  times  and  velocities 
of  the  body  passing  over  them ;  but  tliese  times  and 
velocities  are  proportional  to  each  other;  so  that  one 
may  be  substituted  for  the  other.  Therefore  the  spaces 
will  be  as  the  squares  of  the  times,  or  squares  of  the 
last  acquired  velocities.  Hence  the  times  or  velocities 
will  be  as  the  squaie  roots  of  the  s|)aces.  Fourthly  as 
the  vclocit)'  begins  from  nothing  and  gniduully  increases 
to  tlie  end  of  the  fall,  it  is  evident  that  if  the  body  had 
moved  with  the  last  acquired  velocity  during  the  whole 
time  of  the  fall,  it  would  have  passed  over  a  space  double 
to  what  it  passed  over  in  its  descent,  or  it  would  have 
passed  over  the  same  space  with  tlie  mean  velocity  it 
had  acquiicd  in  the  middle  ])oint  of  the  descent. 
Fifthly,  it  is  found  by  accurate  experiments  tliat  a 
heavy  body  falls  by  the  force  of  gra\  ity,  in  spaces  \'oid 
of  resistance,  10.15  feet  in  tlie  firbt  second  of  time. 
Hence  by  such  a  fall  it  would  acquire  a  unilbrra  velo- 
city' of  32.3  ieet  per  second.  Sixthly,  as  gravity  would 
generate  in  the  descending  body  an  uniform  velocity  in 
the  first  second,  which  would  in  the  same  time  carrj- 
it  over  twice  16. 15  feel  in  another  second,  it  is  evident, 
that  if  gravity  ceased  to  act,  the  body  would  have  pas- 
av^'over  thrice  16. 15  feet  at  the  end  of  t»'o  seconds  of 

■  O 


lime ;  but  as  it  cuutinues  to  act  with  the  same  fcm 
which  it  exerted  in  the  first  second,  the  space  passed 
over  must  be  four  times  16.15  feet  at  the  end  of  this 
second.  It  hus  then  acquired  an  uniform  velocity,  that 
would  carry  it  over  tight  times  the  space  of  16.  IS  feet 
in  the  third  second,  if  gravity  ceased  to  act;  but  dunog 
the  third  second  gravity  continues  to  act  as  foimeriy 
and  will  carry  the  body  over  another  16. 15  feet;  so  that 
at  the  end  of  the  third  second,  it  has  descended  throu^ 
nine  times  16.15  feet.  But  in  the  two  first  of  these  »■ 
conds,  it  had  passed  over  four  of  these  spaces,  and  in  flic 
third  five  of  them.  Hence  the  spaces  descended  throu^ 
in  the  separate  second  of  time,  will  be  as  the  odd  nu^- 
Ijers,  1.3.5.7.9,  &.c.  And  hence  as  the  square  of  1  is 
I.  and  the  sum  of  1  and  3,  viz.  the  sum  of  the  spaCts 
passed  over  at  the  end  of  two  seconds  is  4,  the  sqtiart 
of  two  seconds;  and  the  sum  of  4  and  5,  the  spaces 
passed  over  at  the  end  of  three  seconds,  is  9,  the  sqaait 
of  three  seconds;  and  the  sum  of  9  and  7,  the  ^ces 
passed  over  at  the  end  of  four  Seconds,  is  16,  the  square 
of  four  seconds,  fkc.  It  is  evident  that  tlie  spaces  descen- 
ded through  at  die  end  of  any  time  must  be  as  the 
square  of  the  lime,  as  we  have  seen  before. 

Now  as  tliese  odd  numbers  grow  large,  they  approach 
nearer  to  an  equality,  and  consequently  as  they  reptt- 
sent  the  spaces  jiassed  over  in  each  sejiarate  portion  (rf 
time,  the  motion  approaches  nearer  to  an  equable  mo- 
tion, the  longer  it  is  continued. 

Bodies  projected  perpendicularly  upwards  are  rctir* 
ded  by  gravity  in  the  same  manner  as  they  are  accele- 
rated by  gravity  in  their  descent.  Hence  they  spend 
the  same  time  iu  rising  to  a  given  height,  as  in  felling 
from  it.  The  heights  to  which  they  will  rise,  when  pro- 
jected with  any  given  velocities  will  be  as  the  squani 
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:  velocities,  or  tlie  squares  of  the  times  of  ascent. 
he  times  of  ascent  and  descent  will  Ije  cqii:il;  and  so 
will  the  velocities  at  any  particular  point  of  the  line  of 
ascent  and  descent;  and  consequently  at  the  place  ol" 
projection  and  the  tnd  of  the  iiill.* 

If  the  descent  be  in  a  resisting  medium,  the  motion 
will  sooner  become  uniform,  the  denser  the  medium  is; 
and  as  the  quantity  of  matter  in  the  falling  bfxly  is  les- 
bened.  But  to  understand  this  matter  more  clearly,  we 
must  ucxt  consider 

THE  MOTION  OF  BODIES  IN  A  RESISTING  MEDIUM 
Th  e  whole  doctrine  of  resistance  in  any  medium  may 
be  comprised  in  the  following  articles,  which  may  be 
easily  understood,  when  considered  separately. 

1.  If  a  globe  move  in  two  mediums  of  dificrent  den- 


*  As  tlie  spaces  descended  ai'c  as  the  squares  of  the  limes,  if  a 
besvy  body  full  throiigli  16.15  feci  in  a  second  of  lime;  in  60"  or 
ooe  minute  it  would  fall  through  the  square  of  60  such  spaces, 
or  o600  limes  I6.ls  feet  =  58140  feet,  almost  ten  miles,  at 
the  surface  of  the  earth. 

Bui  if  the  falling  body  were  at  the  distance  of  the  moon,  or  60 
semidia meters  of  the  earth  from  its  center,  then  the  force  of  gra- 
ntf  there  would  be  diminished  as  the  square  of  the  distance  was 
increased,  and  therefore  it  would  be  3600  times  less  at  the  dis- 
UBc«  of  the  moon.  Consequently  it  would  bring  down  a  heavy 
body  towards  the  canh  but  a  J600th  part  of  58140  feel  in  umi- 
uute,  which  is  16.15  feet.  So  that  a  heavy  body  at  the  disUmce  of 
tbe  moon  would  require  a  minute  of  time  to  fall  as  far,  as  it 
wotild  tall  in  one  second,  at  the  surface  of  the  earth.  Now  if  the 
projectile  force  of  the  moon  was  destroyed  and  it  was  ut  liberty 
to  fall  towards  the  earth,  it  would  fall  through  16. 15  feet  in  the 
first  roinutei  and  this  being  exactly  equ:d  to  the  force  by  which 

1  retained  in  her  oihit,  it  proves  that  the  n 
Inncd  in  her  orbil  by  the  lijrce  of  gravity:  as  we  shall  s< 
after. 


I 
I 


108 

sity,  with  the  same  velocity;  it  is  plain,  that  the  num 
ber  of  particles  which  it  strikes  in  a  given  time  mus 
be  proportional  to  the  density  of  the  medium,  and  con 
sequently  die  resistance  will  be  in  the  same  propmtion 
Let  R=  the  resistance  and  D=  the  density  of  the  rac 
dium;  then  R=D. 

2.  Let  the  globe  move  in  any  resisting  medium  witi 
different  velocities;  the  quicker  it  moves,  it  strikes  tb 
greater  number  of  particles  in  a  given  time,  and  it  strike 
every  one  of  them  with  a  greater  force;  and  as  acliOi 
and  reaction  are  equal  and  contrary,  the  resistance  wil 
be  proportional  to  the  velocity,  on  a  double  account 
viz.  on  account  of  the  number  of  particles  and  the  fore 
with  which  each  particle  is  struck;  that  is  the  resist 
ance  will  be  proportional  to  the  square  of  the  velocity 
R=VV. 

3.  Suppose  two  globes  of  different  diameters,  bu 
containing  the  same  quantity  of  matter,  move  m  th( 
resisting  medium  with  tlie  s^me  velocity,  they  wil 
strike  every  particle  with  the  same  momentum,  but  tb 
number  of  particles  struck  in  a  given  time  will  be  pro 
portional  to  the  surfaces  or  half  surfaces  of  the  globes 
and  these  surfaces  are  as  the  squares  of  the  diameters 
therefore  the  resistance  in  this  case  will  be  proportions 
to  the  squares  of  the  diameters.  R=dd.  (d=:diam.) 

4.  But  if  we  consider  the  globes  as  containing  dil 
ferent  quantities  of  matter  under  equal  surfaces,  on 
being,  for  instance,  of  lead,  and  tTie  other  of  cork,  bu 
of  the  siime  diameter;  the  resistance  they  meet  will 
will  be  inversely  as  their  quantities  of  matter;  becauE 
the  greater  that  the  quantity  of  matter  is  in  a«bod 
moving  wdth  a  given  velocity,  the  more  easily  will  J 
overcome  the  resistance  by  its  greater  moor  -^  -  " 
the  less  will  it  be  retarded  in  the  reaiati 
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Now  the  quantity  of  matter  in  globes  of  different  dia- 
meters will  be  as  the  cubes  of  their  diameters.  There- 
fore the  resistance  in  this  case  will  be  inversely  as  the 

cubes  of  their  diameters.   1  R=7-7-:* 

ddd 

5.  Now  if  we  combine  these  four  cases  together,  and 
suppose  that  two  globes  of  different  diameters  and  den- 
Mties  or  quantities  of  matter,  move  through  resisting 
mediums  of  different  densities,  as  air  and  water,  and  with 
diflferent  velocities;  the  whole  resistance  will  be  in  the 
direct  ratio  of  the  density  of  the  medium,  the  square  of 
the  velocity,  and  the  square  of  the  diameters;  and  in  the 
inverse  ratio  of  the  cul^es  of  the  diameters.  But,  because 
the  direct  ratio  of  the  square  of  the  diameters  combined 
with  the  inverse  ratio  of  the  cubes  of  die  same  makes 
only  the  inverse  ratio  of  the  diameters  simply,  the  re- 
sistance will  be  proportional  to  the  density  of  the  me- 
dium  and  square  of  the  velocity  directly,  and  to  the 

diameters  of  the  globes  inversely.  R=    . , .   = — j— • 

In  all  that  I  have  said  on  this  subject,  I  have  neglec- 
ted the  small  resistance  arising  from  the  asperity  of  the 
moving  body,  or  the  tenacity  of  the  fluid  medium, 
which  is  subject  to  no  certain  rules  of  computation,  and 
is  very  small  in  comparison  with  wliat  arises  from  the 
vis  inertias  of  the  particles  of  the  medium,  which  we 
have  only  considered  in  the  foregoing  articles. 

From  these  propositions  we  are  able  to  account  for 
many  phenomena  of  bodies  in  motion  in  a  resisting  me- 
diom;  as  why  the  accelerated  motion  of  a  body  falling 
bjr  Ac  force  of  gravity  through  air  or  water  becomes 
unifami,  when  the  resistance  of  the  medium,  which 
inwwes  with  the  iquares  of  the  velocity,  becomes  equal 
^4k  eamOfUbi  iM^of  velocity  generated  by  gra- 
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vity, — why  a  bullet  will  go  farther  and  faster 
air,  than  tlie  same  weight  of  small  shot,  with  a  ffym 
charge  of  powder,  as  the  resistance  increases  with  the 
sui  faces  of  the  moving  bodies,  and  as  the  surface  of  tbc 
small  shot  is  much  greater  in  proportion  to  its  weight 
than  that  of  the  bullet,  the  shot  is  most  resisted, — why 
a  ball  of  lead  will  go  farther,  than  a  ball  of  cork,  oSix 
same  di^imeter,  with  a  given  torce  of  powder,  throu^ 
the  air  or  in  water:  the  resistance  being  universally  as 
tlie  t|uanlity  of  matter  in  each,  or  the  cubes  of  their 
diameters;  whereas,  if  they  movpd  in  an  unresisting 
medium,  die  cork  ball  uould  fly  quickest  and  farthest^— 
why  the  motion  ol'a  body  projictcd  downwards  througfa 
a  resisting  medium  continues  uniform  throughout;  when 
Uie  velocity  with  which  it  is  projected  is  equal  to  the 
velocity  of  a  uniform  descent  in  that  medium;  but  iflbe 
projectile  velocity  were  greater  tlian  that  of  a  uuilbnn 
descent,  the  motion  would  be  retarded,  and  if  less,  it 
would  be  acceleriitcd.  Hence  an  ;irrow  spends  less  lime 
in  rising  than  in  fulling,  the  liitler  part  of  its  descent 
being  either  uniform  or  nearly  so,  according  to  the 
weight  of  the  an-ow.  Hance  also  the  slow  descent  of 
dust,  feathers,  and  light  bodies  through  die  air.  And 
lastly  ue  sec  the  reason  \vhy  a  bnll  shot  with  conside- 
rably velocity,  passes  through  a  board  slightly  suppor- 
ted, without  throwing  it  down;  because  of  the  resistance 
of  the  air  behind  it :  and  w  hy  it  might  be  flattened  on 
die  surlace  of  water,  without  entering  far  into  it, 
when  ])rojectcd  perpendicularly  to  tlic  surface;  or  re- 
flected from  it,  uhen  the  direction  is  oblique  to  the  sur- 
face. 

If  a  body  be  projected  upwards  in  a  resisting  me- 
dium, such  as  air  or  water,  with  a  given  velocity,  it 
will  not  rise  to  the  same  height  it  would  do  in  vjwruo, 


Ill 

because  of  the  resistance  of  the  medium;  and  conse- 
quently falling  from  a  less  height,  than  what  is  neces« 
saiy  to  acquire  the  first  velocity,  its  last  acquired  velo- 
city, at  the  end  of  the  fall,  will  be  something  less  than 
that  with  which  it  was  projected  upwards :  and  it  will 
be  still  less,  on  account  of  the  resistance  it  meets  with 
in  its  descent. 

MOTION  ON  INCLINED  PLANES. 

As  the  motion  of  bodies  on  inclined  planes  is  occa- 
sioned by  gravity,  it  must  be  of  the  same  nature  with 
the  motion  of  bodies  descending  perpendicularly  towards 
the  surface  of  the  earth.  Part  of  the  gravity  of  the  body 
that  rolls^  down  the  plane  is  supported  by  the  plane, 
and  the  remainder  of  it,  which  is  called  the  relative  gra- 
vity accelerates  its  motion  down  the  plane  in  an  equable 
manner. 

In  order  to  determine  what  proportion  there  is  be- 
tween the  absolute  weight  of  the  body,  and  that  part  of 
its  weight  which  carries  it  down  the  plane.  Let  DFEf 
be  an  inclined  plane,  CFE  a  body  resting  on  it  in  the 
point  ECE  being  perpendicular  to  the  plane,  while 
CFB  is  perpendicular  to  the  horizon.  Now  since  the 
body  gravitates  in  the  direction  CFB,  let  CF  represent 
Its  absolute  force  of  gravity.  This  force  may  be  resolved 
into  two,  by  the  second  law  of  motion,  viz.  CE  and 
EF,  of  which  C  E  being  perpendicular  to  the  plane,  and 
being  destroyed  by  the  reaction  of  the  plane,  is  that  part 
of  its  gravity  that  is  supported  by  the  plane,  and  EF 
represents  its  relative  gravity  by  which  it  is  carried  dowli 

*  Id  the  theory  of  bodies  moving  down  inclined  planes,  as  tbe 
cftct  of  friction  is  not  t<tken  into  the  account^  they  must -be  sup- 
poied  to  elide  and  not  to  r^  since  this  kind  of  motion  can  oply 
be  produced  by  friction.  *      -    ' 

t  See  Plate  1.  Fig.  4.  >  .*"!' 


the  plane.  Now  by  the  similarity  of  triangles  EFC,  md 
BFD,  CF  :  FE  :  :'  DF  :  FB.  That  is,  the  absolute  force 
of  gravity  is  to  the  relative  force  on  the  plane,  as  tbc 
length  of  the  plane  DF,  to  its  perpendicular  altitude 
FB.  If  the  plane  therefore  be  elevated,  so  that  its  aid. 
tude  is  half  of  its  length,  one  pound,  hanging  perpendi- 
cularly over  the  end  of  the  plane,  will  be  in  equilibrio 
«i!h  Hvo  pounds  resting  on  the  plane. 

Now  since  the  absolute  is  to  the  relative  force  of  gra. 
\ity  as  the  length  of  the  plane  is  to  its  height,  the  spaces 
over  which  they  would  carry  the  body  in  the  same  tiniE 
must  be  in  the  same  [proportion;  for  the  efi'ect  must  be 
proportional  to  the  cause:  tlut  is  the  space  passed  over 
by  the  absolute  force  of  gravity  in  a  perpendicular  dc. 
scent  is  to  the  apace  rolled  down  the  inclined  plane  by 
the  relative  force  of  gravity,  as  the  length  of  the  plane 
to  the  height  of  it;  or  as  BF:FI.  So  that  if  BI  be  per- 
pendicular to  the  plane,  drawn  from  the  horizon,  FI 
will  be  the  space  the  body  will  roll  down  the  plane,  in 
die  time  that  it  would  fall  perpendicularly  through  its 
altitude. 

Hence,  since  every  angle  in  a  semicircle  is  a  rigfe 
angle,  if  a  semicircle  be  described  on  the  altitude  of  a 
plane  as  its  diameter,  it  will  intersect  all  the  planes  that 
have  the  same  altitude  in  the  points  to  which  a  heavy 
body  would  roll  down,  in  the  time  it  would  fail  tlirougli 
the  perpendicular  altitude  or  diameter  of  the  circle. 
That  is,  a  heavy  body  will  fall  through  the  diameter  AB* 
of  the  circle,  in  the  time  that  it  would  roll  down  AF  oii 
die  plane  AFC,  or  AG,  on  the  plane  AGD,  or  AI,  w 
the  plane  AIE. 

Hence  a  heavy  body  will  roll  down  any  of  the  chords 
of  a  circle,  that  arc  connected  with  the  lowest  or  high- 
est point  of  the  diameter,  in  tlie  same  time  that  it  falls 
•  3ecPlatR  I.  Fig.  S,  6. 


through  llic  diameter.  Tliis  is  the  fundamental  proposi- 
tion of  the  doctrine  of  pendulums,  as  we  shall  see,  when 
we  have  said  something  farther  of  the  inclined  plane. 

As  the  motion  on  an  inclined  plane  is  uniformly  ac- 
celerated by  gravity,  it  must  observe  the  same  laws 
with  bodies  foiling  freely  by  the  force  of  gravity.  That 
is  to  SHy, 

The  spaces  passed  over,  or  the  lengths  of  the  planes, 
must  be  as  the  squares  of  the  times,  and  as  the  squares 
of  the  last  acquired  velocities  at  the  end  of  the  descent: 
for  the  velocities  are  always  as  the  times,  when  the  planes 
are  similarly  situated. 

As  the  velocity  acquired  at  die  lowest  point,  in  per- 
pendicular descents,  is  always  the  same  from  any  given 
altitude,  so  the  velocity  acquired  by  rolling  down  any 
planes,  that  have  the  same  perpendicular  altitude,  must 
also  be  the  same.  And  hence  it  foUoivs,  that  if  a  body 
roll  down  any  number  of  planes  through  the  same  per- 
pendicular altitude,  the  velocity  acquired  at  last,  will 
still  be  the  same  as  if  it  had  fallen  pcrpendiculai'ly;  it 
may  therefore  roll  down  a  curve,  which  may  be  consi'- 
dered  as  an  infinite  number  of  planes,  having  one  given 
altitude,  though  not  in  the  same  time,  it  would  fall 
through  the  perpendicular,  yet  acquiring  the  same  ve- 
locity at  last. 

The  times  of  rolling  down  planes  of  different  lengths, 
but  of  the  same  altitude,  must  depend  on  the  lengths  of 
(he  planes:  for  the  longer  that  the  plane  is,  the  less  it  is 
inclined  to  the  horizon,  and  the  more  of  tiie  weight  of 
the  body  will  it  sustain,  leaving  the  relative  velocity 
less,  by  which  alone  it  is  carried  doivn  the  plane;  and 
therefore  as  the  force  ia  less  in  proportion  to  the  length 
of  the  plane,  in  the  same  proportion  must  the  time  ne- 
ressar\-  for  rolling  down  such  a  plane  be  increased;  that 
V 
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is,  the  times  of  descent  along  planes  of  the  same  alti- 
tude, but  different  lengths,  must  be  proportional  to  their 
lengths.  It  is  the  same  relative  gravity,  that  acts  on  the 
body  when  rolling  down  planes  similarly  situated,  and 
then  the  times  of  descent  will  be  proportional  to  the 
square  roots  of  the  lengths  of  the  planes.  But  when  the 
body  descends  along  planes  of  the  same  altitude  and 
diffenr ntly  inclined  to  the  horizon,  the  relative  gravity 
lessens  with  the  inclination  of  the  plane,  and  the  body 
must  therefore  move  slower,  in  the  same  proportioo. 
As  the  length  of  the  plane  or  its  inclination  to  the  hori- 
zon does  nothing  but  lessen  the  force  of  gravity,  it  fid- 
lows,  that  the  effect,  viz.  the  space  passed  over,  must 
be  lessened  in  the  same  proportion.  That  is,  if  a  certain 
force  of  gravity  would  carry  a  body  down  an  inclined 
plane  10  feet  in  a  second,  half  that  force  would  cany  it 
down  but  5  feet  in  the  same  time;  and  therefore  tins 
half  force  must  require  two  seconds  to  carry  the  body 
10  feet  down  the  plane;  and  this  half  force  is  occasioned 
by  the  increased  length  of  the  plane.  Therefore  the  times 
of  descent  through  planes  of  diflPerent  lengths,  are  as  the 
lengths  of  the  planes,  when  the  altitudes  are  the  same. 

The  velocity  acquired  in  falling  down  the  difierent 
chords  of  a  circle,  connected  together  at  the  lowest  point 
of  the  diameters,  is  as  the  lengths  of  these  chords.  Be. 
cause  these  velocities  are  as  the  square  roots  of  the  per- 
pendicular altitudes,  or  versed  sines  of  these  chords;  and 
the  square  roots  of  these  versed  sines  are  as  tlie  lengths 
of  the  chords.  For  BF^=ABxBH,  and  since  AB  isa. 

given  quantity,  BF  is  proportional  to  v^BH,  which  i& 
as  the  velocity. 

We  have  now  prepared  the  way  for  considering  th^" 
importnnt  doctrine  of  the 


115 

MOTION  OF  PENDULUMS. 

A  PENDULUM  is  any  body  suspended  by  a  thread 
and  movable  about  any  fixed  point.  The  most  material 
properties  of  the  pendulum  are  such  as  these  tliat  fol- 
low, viz. 

1.  The  vibrations  in  very  small  arches  are  performed 
nearly  in  equal  times.  Could  the  pendulum  vibrate  in 
the  chord  of  a  circle,  then  all  its  vibrations  would  be  per- 
formed exactly  in  equal  times;  as  the  time  of  falling 
through  all  the  chords  of  a  circle  is  the  same.  And  when 
the  arches  are  very  small,  they  nearly  coincide  w  ith  the 
chords.  But  when  it  vibrates  in  larger  arches,  it  will 
lose  lime,  as  they  are  considerably  longer  tliaii  their 
correspondent  chords,  and  require  a  longer  time  for 
their  description  by  the  pendulum. 

2.  The  velocity  of  the  pendulum  at  the  lowest  point 
is  nearly  as  the  length  of  the  chord  of  tlie  arch  it  has 
described  in  its  descent:  and  is  just  sufficient  to  carry 
it  up  to  the  same  altitude  on  the  other  side,  did  it  meet 
with  no  resistance  from  the  air. 

3.  The  time  of  a  complete  vibration,  from  its  great- 
est altitude  on  one  side  to  its  greatest  altitude  on  the 
other,  is  equal  to  the  time  of  descent  through  ihc  dia- 
meter of  a  circle  whose  radius  is  four  times  the  length 
of  the  penduluin,  or  through  a  space  that  is  eight  times 
tk  length  of  the  pendulum.*  For  in  half  the  time  of  a 

•  It  is  demonstrable,  that  the  time  of  one  entire  vibmlioik  ia  a 
very  small  arch  of  a  circle,  or  in  any  arch  of  a  cycloid,  ii  toUit 
time  of  a  heavy  body's  descending  throuj^h  half  the  length  of  Af: 
i>endulum,  as  the  circumference  of  a  circle  to  its  diaMTfcr.  Or. 
which  is  the  same  thing,  the  constant  number  4.93482 ■ritpi,. : 
by  the  length  of  the  pendulum,  will  give  tlic  spiorifc:.  .z. 
which  a  body  will  descend  by  its  own  gravity  in  theiae  '-:  :^ 
▼ibration. — Ed, 


vibration,  a  heavy  body  uould  descend  through  ibe 
diameter  of  a  circle,  whose  radius  is  the  length  of  the 
pendulum,  and  in  the  other  half  of  the  lime,  the  heavy 
body  continuing  its  motion,  will  have  passed  over  four 
times  the  space  counted  from  tlie  beginning  of  the  de- 
scent; that  is  eight  times  the  length  of  tlie  pendulum. 

4.  The  times  of  vibrations  of  different  pendulums  Mt 
as  the  square  roots  of  their  lengths.  Because  they  arc 
proportional  to  the  times  of  descent  through  spaces  equal 
to  eight  times  the  lengths  of  the  pendulums,  and  these 
times  of  descent  are  as  the  square  roots  of  die  spaces. 

5.  Since  the  lengths  of  pendulums  are  as  the  squares 
of  the  times  of  vibration,  if  a  pendulum,  whose  leOgdl 
is  39.2  inches  vibrate  once  in  a  second,  as  it  is  ibund 
to  do,  then  a  pendulum  of  one  fourth  of  this  length,  that 
is  9.8  inches,  uiil  vibrate  in  half  that  time. 

6.  The  rod  of  the  pendulum  is  here  supposed  with- 
out weight;  but  if  a  uniform  body,  one  third  longer 
than  the  pendulum,  were  suspended  by  the  end,  it  would 
vibrate  in  the  same  time  with  the  pendulum.  For  the 
whole  force  of  such  a  body  is  the  same  as  if  the  Mhole 
matter  was  collected  in  a  point  two  thirds  distant 
from  the  point  of  suspension.  This  point  is  called  the 
center  of  oscillation,  or  of  percussion;  because  it  wffl 
give  the  greatest  stroke  possible. 

The  length  of  a  pendulum  and  the  time  of  its  vibra- 
tion deiK-ndiiig  upon  each  other,  it  cannot  be  an  exact 
measure  of  time,  unless  we  could  secure  the  continuance 
of  the  same  length  in  all  the  varieties  of  heat  and  cold. 
If  the  rod  of  the  pendulum  be  made  of  metal,  it  «-ill 
expand  and  lengthen  by  heat,  and  contract  bj-  cold;  so 
that  in  the  first  case  the  pendulum  will  lose  time,  and 
in  the  last  gain  time.  By  many  experiments  made  with 
the  pyrometer,  it  has  been  found,  that  with  the  same 


d^ree  of  heat,  the  expansion  of  several  kinds  of  metal 
will  be  in  the  follo»ving  praportion;  viz.  Iron  80;  steel 
85;  copper  89;  brass  110;  tin  153;  lead  155. 

Of  all  metals  iron,  being  least  expansible  by  heat,  is 
properest  for  the  rods  of  pendulums.  Wood  does  not 
Jengthen  much  by  heat;  and  Uieiefore,  when  well  dried, 
it  will  answer  the  puq>ose  better  tlian  metal.  But  glass 
will  answer  still  better,  if  kept  of  the  same  length.* 

Various  methods  ha^e  been  sug^sted  to  remedy  this 
inconvenience  in  pendulums.  If  a  pendulum  be  made 
of  a  glass  tube  partly  filled  with  niercuiy ,  while  the  tube 
expands  by  the  heat  and  sinks  die  center  of  oscillation, 
the  mercury  will  also  expand,  and  rising  in  the  tube  will 
raise  the  center  of  oscillation  as  much  as  it  was  depres- 
sed when  they  arc  properly  adjusted  to  each  other;  and 
thereby  the  length  of  the  pendulum  and  consequently 
the  times  of  vitjration  continue  invariable. 

Pendulums  have  also  been  compounded  of  different 
bars  of  iron  and  brass,  in  such  a  manner,  that  while  the 
center  of  oscillation  is  depressed  by  the  expansion  of 
some,  it  is  equally  raised  by  the  expansion  of  others. 
In  this  manner  the  pendulums  for  astronomical  clocks 
are  generally  made. 

The  loss  of  time  occasioned  by  the  vibrations  being 
performed  in  larger  aiches  at  some  times  than  at  others, 
by  an  unequal  application  oi"  force  to  the  wheels,  has 
been  in  some  measure  prevented,  by  a  flat  board  fixed 
on  the  pendulum,  to  give  it  a  retardation  from  the  re- 


*  Glasa  will  expand  regularly  and  equably  by  heat;  whereax 
metals  expand  irregularly,  when  they  have  imbibed  a  certaiit 
qiuDtUyi  ;ui(l  the  increase  of  length  in  a  metallic  pendulum  is  not 
exactly  proportional  ici  the  degree  of  heat. 


isistanoc  of  the  air,  to  moderate  the  velocity  given  by 
an  unequal  application  of  the  weight  to  the  wheels.* 


'ibrute  in  a  cycloid,  all  its  vibn- 
1'  larger  arches,  will  be  pcrfonn- 


*  If  a  pendulum  be  uiudc 
lii.ns,  mlictlier  ihrougb  small 
cd  in  equiil  times. 

If  a  cii-cle  perform  a  revoliiiion  on  a  right  line,  attypoiatla 
the  circumference  «ill  describe  on  hii  opposite  plsnct  a  cant 
called  the  cycloid;  whose  axia  is  equal  to  the  diameter,  and  wboir 
base  is  equal  to  tlie  periphery  ol'tbe  generaiing  circle. 

If  the  generating  circle  (i>ee  piute  2,  fig.  I.)  DItl  move  along 
the  line  AEF,  any  point  as  A  will  describe  the  curve  ABVGF. 
railed  the  cycloid.  Froin  tht  pencraiion  of  the  curve,  il  is  eiridcMi 
that  the  arch  of  the  circle  Bb=AU,ami  the  arch  D!=Db— RL 
=BN,  that  the  cords  BD,NE  are  parallel, as  also  BI.N  V,  that  BD 
is  perpendicular  to  the  curve,  and  that  Bl  is  a  tangent  to  the  cy- 
cloid at  the  point  B,  because  DBI  is  a  lifjht  JUgle. 

The  urch  of  the  cycloid  BV,  cut  off  by  a  line  BNO  paraflel  to 
the  base,  is  double  of  the  corresponding  chOrtl  Bl  or  NB  of  tb( 
generating  circle. 

Let  POK  be  drawn  infinitely  near  to  BNG,  cutting  VN  pnv 
duced  in  S,  and  the  generating  circle  VNE  in  U,  and  OT  be 
draun  perpeudicular  to  \"ii;  draw  also  the  umgenis  QV  and  QN 
oflhe  circle  at  the  points  V  and  N,  then  the  iri jngks  QN V.ONS 
will  be  similar  as  QV  is  purallel  lo  SO,  and  because  tjNandflV 
are  equal,  SO,  and  ON  will  be  er[ual,  and  NT  the  increment  of 
the  chord  VN,  will  be  one  half  of  NS  or  BP^the  simuluuiMW) 
iucrement  of  the  arch  VB,  as  VT=VO.  Therefore  as  the  arcli 
of  the  c)  cloid  increases  twite  as  f^st  as  the  corresponding  chonl 
of  the  generating  circle  it  naisl,  in  every  ailuution,  be  douUeof 
the  chord  Q.E.D. 

If  then  a  pendulum  be  suspended  at  the  point  li  liy  a  flexible 
thread  applying  to  the  semicycloidal  cheeks  AH  and  I'll,  so  thK 
it  may  vibrate  in  the  cycloid  AVF,  all  its  vibrations  ihrougli 
larger  or  smaller  arches  will  be  performed  in  the  same  liinc. 

If  the  pendulum  descend  from  R  or  G,  the  last  acquired  ve- 
locity will  be  as  OV  and  NV  respectively,  or  as  20V=RV»lKi 
2N  V=tjV'.  Therefore,  when  the  velocities  of  any  kind  of  mtxion 
are  as  the  spaces  moved  through,  the  times  of  description  muii 
be  the  same.  Hence  whether  the  pendulum  descend  from  R  or 
G,  it  will  arrive  at  V  in  the  same  time. 


MOTION  or  PROJECTILES. 

A  PROJECTILE  is  a  heavy  body  thrown  many  d 
lion.  The  force  with  which  it  is  thrown  is  called  the  impe^ 
Itts  aiul  as  its  velocity  is  mcusurtd  by  the  lieight,  from 
which  a  body  must  tall  to  acquire  this  velocity,  this 
height  is  aKo  called  the  impetus.  The  random  or  ampli- 
/«(i?of  the  projection  is  the  horizontal  distance  to  which 
the  body  is  thrown.  The  angle  which  the  piece  of  ord- 
nance  makes  with  the  horizon  is  ealled  the  elevation: 
and  the  perpendicular  height  to  which  the  ball  rises 
above  the  horizon  is  called  its  altitude. 

A  |MiDJectile  is  acted  upon  by  two  Ibrces  in  different 
directions,  viz.  the  force  of  gravity,  which  acts  in  right 
lines  directed  to  the  center  of  the  earth,  by  which  alone, 
it  trould  pass  over  spaces  proportional  to  the  squares 
of  the  limes;  and  by  the  projectile  force,  which  acts  by 
a  single  exertion,  and  therefore  produces  an  equable 


To  make  a  penduluni  vibraie  in  a  given  cycloid  DK.G;*  let  two 
Mmtcrdoidis  ABD,  aiid  AG,  of  equal  indgnitude  with  ilie  ^ivcn 
Cfcloid  be  desciibetl,  whose  vertices  shall  be  ai  D  aod  G  the  ends 
of  the  base,  iiieeiiog  together  in  (he  axis  of  the  given  cycloid 
produced  in  A.  making  AK  double  of  the  axis  IK.  If  a  pendu- 
lum be  suspended  at  the  point  A,  and  of  such  a  length  as  to  reach 
to  Itf  nd  ID  its  vibration  apply  to  the  seniicyctoidal  cheeks  it  will 
nill  twill  the  cycloid,  in  every  pan  of  its  vibration. 

Let  the  pendulum  be  in  the  direction  ADP;  then,  because 
ABD=ABP=AK.HD=2  DC=BP=2  BE;  therefore  BC  and 
PI  wlnbeetjually  disum  from  ihc  base  Dr,  and  will  cut  off  equal 
portions  DC  and  I V  of  the  genefHiing  circles,  and  ihe  chords  DC 
■od  It'  will  he  e(|Ual  and  pucallcl,  ihe  tangent  BP  being  parallel  to 
both:  therefore  V.V^?\.  And  since  BC  or  DE=thc  arch  DE  or 
the  arch  1 F,  PI  or  C1-'  will  be  equal  to  the  remainder  of  the  arch 
IK:  ftiid  the  poiut  P  will  be  in  the  cycloid  DPK. 

•See  Plate  II.  fig.  2, 
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motion,  ill  which  the  spaces  ;irc  proportional  to  the 
times,  and  consctjuently  the  squares  of  the  spaces  att: 
proportional  to  tlie  squares  of  the  times. 

Now  as  the  projectile  is  acted  upon  by  two  forces  in 
different  directions,  it  will,  by  the  second  law  of  mo- 
tion, describe  the  diagonal  of  a  parallelogram  whose 
sides  are  proportional  to  the  forces.  But  as  one  of  ^ 
forces  produces  an  equable  motion,  and  the  other  an 
accelerated  motion;  the  spaces  passed  over  by  tbcse 
forces  must  have  the  different  properties  of  these  mo- 
tions; tliat  is,  one  must  be  proportional  to  the  square 
of  the  otiier;  and  the  sides  of  the  parallelogram  most 
have  the  same  property.  The  projectile  will  therefore 
move  in  the  diagonal  of  a  parallelogram,  of  which  one 
side  is  constanUy  proportional  to  the  square  of  the  otheT' 
Now  this  is  a  known  property  of  the  parabola,  whose 
abscissa;  and  ordinates  are  in  this  proportion.  If  these 
parallelograms  be  supposed  therefore  to  be  inGtiitely 
small,  their  diagonals  wilt  coincide  widi  the  curve  of 
the  parabola,  and  therefore  it  will  mo\'e  in  that  curve, 
or  at  least  nearly  so.  The  difference  will  be  hereafter 
accounted  for. 

If  ADB*  be  a  parabola,  AF  a  diameter,  and  AE  a 
tangent  at  the  point  A,  then  AF  will  be  an  abscissa  and 
FD  parallel  to  the  tangent  will  be  an  ordinate,  and  froin 
the  knoiin  property  of  the  parabola  AF=DE  will  be 
proportional  to  the  square  of  FD=AE. 

Let  a  body  be  projected  from  the  point  A  in  the  tfi* 
rection  AE,  with  such  a  force  as  would  carry  it  over 
the  space  AE  in  a  given  time,  then  AEzcFD  will  be 
proportional  to  the  time,  and  the  square  of  it  to  the 
square  of  the  time.  But  while  the  body  is  carried  over 
the  space  AE  by  the  projectile  force  it  is  carried  over 
•  See  Pla»  !1.  Fip.  7 


liie  space  AF=ED  by  the  force  of  gravity,  and  tliis 
space,  by  the  laws  of  fatlin^  bodies,  is  proportional  to 
the  square  of  the  time,  or  to  the  square  of  AE  or  FD. 
Therefore  the  body  will  be  found  at  the  end  of  the  time 
at  D,  in  the  curve  of  the  parabola.  Q.E.D. 

The  principal  properties  and  laws  of  this  kind  of  mo- 
tion are  such  as  these. 

1.  The  horizontal  ranges  or  amplitiides  are  propor- 
tional  to  the  rectangle  of  the  sines  and  cosines  of  the 
angles  of  elevation,  or  to  the  sines  of  double  the  angles 
of  elevation;  as  these  are  well  known  to  be  the  same. 

2.  The  elevation  of  45  degrees  will  gi\e  the  greatest 
possible  horizontal  range, 

3.  The  elevations  equally  above  and  below  45  degrees 
give  tiie  same  ranges. 

4.  The  times  of  flight  through  the  air  are  proportional 
lo  the  sines  of  the  angles  of  elevation. 

5.  The  greatest  altitudes  of  projections  are  propor- 
tional to  the  squares  of  the  sines  of  the  angles  of  eleva- 
tion, or  to  the  versed  sines  of  double  the  angles  of  elc- 
vadon. 

6.  The  velocity  of  a  projectile  at  the  point  of  projec- 
tion, and  when  it  meets  the  horizon,  is  such  as  it  would 
acquire  by  Falling  through  one  fourth  of  the  parameter 
of  the  diameter  that  passes  through  the  point  of  pro- 
jection. 

7.  The  greatest  range,  at  an  elevation  of  45^  is  double 
the  height  fallen  through  to  acquire  the  i-elocitj-  of  the 
projection. 

These  propositions  may  be  demonstrated  in  the  fol- 
lowing manner. 

Let  s  and  c  =  the  sine  and  cosine  of  the  angle  of  cle- 
Talion  E.'VC  to  the  rad.  I. 

Q 
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a=16.1  feet,  the  space  a  body  fidls  in  a  second  of 

time. 

d=the  space  the  projectile  passes  over  in  a  second 

with  its  given  velocity=V. 
T=  the  time  of  flight. 
H=  the  greatest  altitude  of  the  projection. 
x=AC  or  AB,  the  horizontal  random. 

As  c  :  X  : :  1:-=AE. 

c 

d :  1" : :  -=AE  :  ^=;T=the  time  of  flight,  and 
c  dc 

XX 


rT= 


ddcc 


1"^ :  a :  :  TT=:^  :  ^=ED=DC=  Height  of 

ddcc    ddcc  ° 

the  projection=H. 

C  I  X  •  IS*  *"""-^a_jv«»» 

c 

Now,  when  AC  becomes  equal  to  AB,  or  x=tbe 

axx 
whole  horizontal  range;  then  ED=EC;  that  is,  tt— 

ddcc 

sx  dd 

=  — .  Hence  x=  — xsc.  That  is,  the  horizontal  ranges 
c  a 

are  proportional  to  the  rectangle  of  the  sine  and  cosine 
of  the  angle  of  elevation,  which  rectangle  is  well  known 
to  be  proportional  to  the  sine  of  twice  the  angle  of  ele- 
vation. This  is  the  first  proposition.  As  the  sine  of 
twice  45  degrees  is  =  rad.  the  greatest  sine  possible, 
the  angle  of  45  degrees  will  give  the  greatest  random 
possible. 

As  any  two  angles  equally  above  and  below  45  de- 
grees being  doubled  are  the  supplements  of  each  other, 
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and  have  the  same  sine,  these  ele\'ations  must  give  tlie 
same  range. 

Again,  since  T=-^,  and  s=— xsc,  T=-xs.  That 
dc  ii  a 

is  the  time  of  flight  is  proportional  to  the  sine  of  the 

angle  of  elevation:  for  -  is  a  constant  quantity.  When 

^^feCB,  then  x— — xsc:  and  since  H=-n — xxx,  and 
^V^  :^a  ddcc 

sx= — xsscc,  H^—  xss,  that  is,  the  heights  of  projec 

tions  are  proportional  to  the  squares  of  the  sines  of  the 
angles  of  elevation,  or  to  the  versed  sines  of  double  the 
angles  of  elevation. 

If  the  projection  were  made  perpendicular  to  the  ho- 
rizon, then  the  angle  of  elevation  is  90"  and  its  sine 

is  equal  to  radius,  or  ss=l,  and  H= — =the  height  of 

the  projection,  or  the  distance  from  whence  a  heavy 
body  must  fall,  to  acquire  the  velocity  of  the  projectile, 
when  it  leaves  the  ordnance.  Now  this  height,  com- 
monly called  the  impetus  of  the  projection  or  engine, 
is  one  fourth  of  the  parjmcter  of  that  diameter  of  the 
parabola  that  passes  through  the  point  ot  projection,  or 
one  fourth  of  a  third  proportional  to  the  abscissa  and 
<»^ate  of  that  diameter:  Because  KD  :  A£  : :  AE  : 


parameter,  which  is  four  times  the  altitude  of  the  pro- 
jection, when  made  perjicndicularly,  or  the  distance, 
from  whence  a  lieavy  body  must  fall  to  acquire  the  ve- 
hxity  with  which  the  ball  is  projected.  But  farther, 

•uice  we  had  the  horizontal  range,  x=  — xsc,  and  the 


heigiu  of  the  projection,  H=— xss;  when  the  angle  of 

elevation  is  45  ,  sc  is  equal  to  ss,  and  then  x,  the  hori- 
zontal range  at  the  elevation  of  45',  is  equal  to  twice 
the  height  from  whence  a  heavy  body  must  (all  to  ac- 
quire the  velocity  of  the  projection. 

Having  given  the  laws  of  projectiles  with  their  dc. 
monstrdtions  so  far  as  is  necessary  for  any  computadonft 
of  the  ranges,  altitudes,  velocities,  or  times  of  flight,  I 
shall  subjoin  a  feiv  remarks  concerning  practical  gun- 
nery, which  result  from  the  demonstrations  already 
given. 

If  it  were  required  to  find  the  elevation  of  the  engine 
necessarj'  to  strike  a  givin  point  D,  from  the  pUce  A; 
join  AB,  and  at  A  erect  AE  perpendicular  to  the  hori- 
zon and  equal  to  four  times  AL,  or  four  limes  the 
height  from  whence  a  body  mu'it  fall  to  acquire  ihc  ve- 
locity with  which  the  projectile  is  to  be  thrown.  Through 
the  points  A  and  £  describe  a  circle  that  shall  touob 
the  line  AB  in  the  point  A;  at  B  crtct  die  line  BGIJf 
perpendicular  to  the  horizon  cutting  the  circle  Jn  G  and 
H.  Then  AH  or  AG  will  be  the  direction  to  strike  B. 

The  time  of  flight  in  the  lower  elevation  will  be  Icssm 
than  that  in  the  other,  in  proportion  to  the  sines  of  ih^ 
angles  of  elevation. 

\\nitii  the  points  H  and  G  coincide  in  the  point  I, 
the  direction  AI  is  the  only  one  by  ivhich  the  point  K 
can  be  struck  with  the  given  velocity.  AK  is  therefor^ 
the  greatest  horizontal  range  and  is  equal  to  twice  AL 
or  half  of  AE;  therefore  die  angle  IAK=45",  when  K 
is  in  the  horizon:  According  to  what  was  demonstrated 
before;  that  the  greatest  horizontal  range  was  double  of 
the  height  from  which  a  heavy  body  must  fall  to  ac- 
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quire  the  velocity  with  which  the  projectile  was  thrown. 
And  when  the  projection  is  made  with  the  elevation  of 
45®  the  height  of  the  projection  is  one  fourth  of  the 
greatest  random. 

If  nothing  be  required  of  the  engiueer  but  to  hit  the 
object,  it  is  better  to  use  the  constant  angle  of  45^  and 
let  the  randoms  be  determined  by  the  quantity  of  pow- 
der; because  much  powder  will  be  saved  by  this  means, 
and  the  engineer  will  be  more  certain  of  hitting  his 
mark,  than  at  any  other  elevation.  An  error  of  a  degree 
in  the  elevaticm  near  45*"  will  not  produce  a  sensible 
error  in  the  distance  which  is  proportional  to  the  sines 
of  double  the  angles  of  elevation.  Now  the  sines  of  the 
angles  near  90  do  not  differ  much  from  the  radius. 
The  position  is  then  evident. 

The  forces  necessary  to  give  a  ball  any  degree  of  ve- 
locity,  being  as  the  square  roots  of  the  distances  fallen 
through  to  acquire  that  velocity  which  will  carry  it 
over  the  proposed  distance,  must  be  as  the  square  roots 
of  these  distances  or  horizontal  ranges. 

If  it  were  therefore  required  to  find  what  charge  at 
an  elevation  of  45**  would  carry  a  ball  over  3600  feet, 
&om  a  cannon  whose  greatest  random  was  8000  feet, 
mi  the  requisite  charge  of  powder  28  pounds;  this 

proportion  will  answer  the  question.  As  VSOOO  •  ^3600 
: :  28 :  18§=  the  charge  required  to  carry  the  ball  3600 
feet 

Still  we  are  to  remember,  that  this  conclusion  is  ma- 
tbematically  true  only  upon  the  supposition  that  all  the 
powder  exerted  its  force  in  the  bore  of  the  piece.  But 
we  find,  that  some  of  it  does  not  take  fire,  especially  in 
high  charges,  until  it  be  out  of  the  mouth  of  the  gun; 
which  will  occasion  some  variation,  and  an  allo^vance 
must  be  made  for  it  in  practice.  It  is  necessary  also  to* 
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be  remembered,  that  the  heating  of  the  cannon ,  after 
two  or  three  shots,  will  lessen  the  cohesion  of  its  parti- 
cles, and  make  it  more  liable'  to  burst;  while  the  sudden 
drying  of  the  powder  will  occasion  more  of  it  to  take 
fire  in  the  bore  of  the  piece,  and  produce  a  greater  force, 
either  to  overshoot  the  mark  or  split  the  cannon.  On 
both  of  these  accounts,  the  chains  to  be  succesavely 
used,  in  a  small  space  of  time,  should  be  gradually  les- 
sened. 

If  you  wanted  to  find  the  impetus  of  a  cannon,  widi 
a  given  charge  of  powder,  let  the  cannon  be  shot  off  at 
the  elevation  of  45'',  and  half  the  horizontal  range  is 
equal  to  the  impetus,  or  distance  from  which  a  heavy 
body  falls  to  acquire  the  velocity  of  the  ball  when  it 
leaves  tlie  mouth  of  the  cannon.  This  velocity  is  thus 
determined. 

In  order  to  find  the  velocity  at  parting  from  the  can- 
non, we  must  remember,  that  die  last  acquired  veloci- 
ties in  perpendicular  descents  are  as  the  square  roots 
of  the  spaces  passed  over,  and  that  a  descent  through  ; 
16.15  feet  will  generate  a  uniform  velocity  of  32.3  feet  | 

per  second.  Therefore  say,  as  V16  :  32 : :  the  square  - 

root  of  the  impetus:  the  velocity  of  the  ball  at  parting  i 

fi"om  the  cannon ;  or  so  is  the  square  root  of  half  die 

greatest  random,  to  the  velocity.  Or  shorter,  thus;  siDoe 

32  ^ 

^==8;  eight  times  the  square  root  of  half  the  greatest   . 

range  is  the  velocity  of  the  ball,  both  when  it  leaves  the    , 
cannon,  and  when  it  meets  the  horizon.  Now  this  ?^  - 
locity  multiplied  by  the  weight  of  the  ball,  will  gift  j, 
the  momentum,  or  force,  with  which  it  strikes  Ac  ' 
object.  M 

But  in  throwing  bombs,  which  are  not  deugned  to  -^ 
do  damage  by  their  projectile  force,  we  do  not  so  mud 


regard  their  momentum,  as  the  time  of  their  flight,  by 
which  the  length  of  their  i'uses  is  to  be  determined, 
that  they  may  burst  as  soon  as  they  fall  to  the  horizon. 
Now,  in  order  to  compute  the  time  of  flight,  we  must 
remember  that  it  is  equal  to  the  time  of  ascent  and 
descent  through  the  ahitude  of  the  projection:  and  that 
the  times  of  descent  Uirougli  spaces,  by  the  force  ol 
gravitj',  are  as  the  sfjuare  roots  of  the  spaces;  and  also 
that  a  heavy  body  falls  16  feet  in  one  second.  Therefore 
say,  asv'16=4:  1  second  of  time:  :  the  square  root 
of  the  height  of  projection  :  seconds  of  time  spent  in 
the  ascent ;  and  this  doubled  is  the  time  of  flight  in 
seconds  when  the  height  is  measured  in  feet.  Therefore 
half  the  square  root  of  the  height  is  the  time  of  flight  in 
seconds.  But  when  the  projection  is  made  at  the  eleva- 
tion of  45"  the  height  of  the  projection  is  one  fourth  of 
the  greatest  random,  'i'herelbre  at  this  elevation,  one 
fourth  of  the  square  root  of  the  greatest  random  is  equal 
to  the  time  of  flight  in  seconds.  And  for  other  eleva- 
tions, say,  as  sine  45  is  to  one  fourth  of  die  square  root 
of  the  greatest  range,  so  is  the  sine  of  the  elevation,  to 
tfic  lime  of  flight  in  seconds;  the  ranges  being  measured 
ID  fccL 

The  line  of  direction  is  always  a  tangent  to  the  para- 
bola in  the  place  of  the  en^ne;  because  gravity,  acting 
constantly  upon  the  body  as  soon  as  it  leaves  the  can- 
non,  must  bring  it  down  towards  the  earth:  in  half  a 
second  causes  it  to  descend  4  feet,  in  a  whole  second, 
16  feet,  and  in  two  seconds,  it  will  be  found  no  less 
than  64  feet  below  the  line  of  direction,  when  that  is 
horizontal.  Hence  there  is  no  such  thing  as  a  point> 
bllink  shot,  as  it  is  commonly  called.  Let  the  projectile 
■  motion  of  the  ball  be  ever  so  rapid,  gravity  notwith 
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btaiiding  acts  upon  it  as  much  as  if  tliere  were  no  hori- 
zontal motion  at  all. 

The  line  of  elevation  being  a  tangent  to  the  curve, 
in  the  place  of  the  engine,  uill  bisect  the  angle  betweoi 
the  zenith  and  the  focus  of  the  parabola,  as  is  demon- 
strated by  the  uriters  on  conic  -iections.  It  is  aisoi 
known  property  of  the  parabola  that  the  distance  of  the 
focus  from  any  point  in  the  curve  is  one  fourth  of  the 
parameter  of  that  point,  or  equal  to  the  impetus  of  the 
engine;  from  whence  ii  follows,  that  if  a  circle  be  d& 
scribed  round  the  place  of  the  engine  with  a  nidius  equal 
to  the  impetus,  it  will  pass  through  the  focus  of  the 
parabola  described  with  that  impetus,  and  consequently 
through  the  foci  of  all  the  parabolas  that  can  be  described 
with  that  impetus,  with  any  elevation.  Heirce  also  It 
follows,  that  ulien  the  elevation  is  45",  the  focus  of  dut 
parabola  will  be  in  the  horizon,  and  the  foci  of  any  two 
parabolas,  that  hai'e  the  same  horizontal  random  will  he 
equally  above  and  below  the  horizon,  and  the  one  per- 
pendicularly above  the  otiier.  It  follows  also,  that  if 
two  circles  be  described  round  any  two  points  of  a  pa- 
rabola, with  radii  respectively  equal  to  one-  fourth  ef  • 
their  parameters;  if  they  intersect  each  other  it  will  be 
in  tM'O  points,  which  will  be  the  foci  of  two  parabolas 
that  pass  through  the  centers  of  the  circles;  and  thpse 
foci  will  be  equally  above  and  below  tlie  line  diat  passes 
through  the  intersections  of  the  parabolas  or  centers  of 
the  circles:  but  if  the  circles  only  touch  one  another,  it  i 
will  be  in  the  focus  of  the  only  parabola  that  can  paa  i 
through  both  the  points,  being  described  by  the  same 
impetus.  Now  should  one  of  these  points  of  the  pan* 
bola  be  considered  as  die  place  of  the  engine,  and  the 
other  an  object  to  be  struck,  eitiier  above  oi  below  the 
horizon;  the  focus  of  the  parabola  will  be  in  the  line  thai 


Joins  the  engine  and  object,  when  the  object  is  at  the 
greatest  distance  that  can  be  reached,  on  any  plaitc  either 
ascending  or  descending,  with  a  given  imixitus.  And 
the  direction  to  hit  the  object  will  be  the  line  that  bi- 
sects the  angle  between  the  zenith  and  object.  But  if 
the  object  be  at  a  less  distance,  the  foci  of  the  t«o  paia- 
bdas  that  pass  through  the  object  will  Ije  equally  alrave 
and  below  the  line  that  connects  the  object  and  engine, 
and  the  directions  to  strike  it  will  l>e  equally  above  and 
below  the  line  which  bisects  the  angle  between  the 
zenith  and  the  object. 

MOTION  OF  BODIES  ROUND  A  CENTER. 
In  our  lecture  on  the  motion  of  projectiles,  we  sup- 
IMsed  that  the  moving  body  was  acted  upon  by  an  im- 
pressed force  in  a  certain  direction,  called  the  projectile 
force,  at  the  same  time  that  gravity  acted  upon  it  in 
right  lines  parallel  to  each  other;  and  consequently  that 
the  central  force  was  placed  at  an  infinite  distance,  and 
Hal  it  acted  continually  with  the  same  degree  of  strength 
nrithout  any  change  arising  from  the  projectile's  approach 
ho  the  center  of  motion,  or  recess  from  it.  Both  of  these 
mppositions  are  necessary  to  cause  the  projectile  to 
KMve  in  a  parabola;  though  neither  of  them  is  strictly 
ttue:  For  gravity  does  not  act  in  lines  parallel  to  each 
i^hcr,  but  in  lines  directed  to  a  center,  and  it  increases 
n  strength  as  the  squares  of  ihe  distances  from  the  center 
ftccreasc.  But  because  of  the  great  distance  of  the  cen- 
ter of  t)ie  earth  from  its  surface,  and  the  small  distance 
fe  which  we  can  throw  any  body,  there  is  no  sensible 
p*tDr  committed  in  computing  the  projectile's  motion 
■ft  a  parabola. 

^  But  when  the  distance  of  the  central  force  bears  a 
p^isiderabtc  proportion  to  the  distance  which  tlic  pro 
'  R 
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jtcl!le  passes  over,  and  the  central  force  acts  in  rigtil 
lilies  directed  to  a  center,  the  case  will  be  different,  and 
tlie  path  ol'  the  projectile  will  be  no  longer  a  paraboli, 
but  some  other  curve,  such  as  a  circle,  or  ellipsis.  Tbt 
cfiect  of  tlie  central  iorce  is  to  cause  the  moving  body 
on  wiiich  it  acts,  to  deviate  gradually  from  the  strai^ 
line  in  which  it  would  proceed,  if  undisturbed  by  aDf 
other  force,  and  to  describe  an  incurvated  line,  whicli 
will  always  be  concave  towards  the  central  force;  vk- 
ther  it  approach  towards,  recede  from,  or  keepaltte 
same  distance  from  the  center  of  force. 

Suppose  the  line  AB*  to  be  a  tangent  to  the  cirdt 
described  about  the  center  C,  the  place  of  the  ceoinl 
force,  and  the  point  of  contact  to  be  A.  If  a  body  ww 
projected  by  any  force  in  the  line  AB ,  it  would  coDtBU 
to  move  in  it,  if  undisturbed  by  the  central  force:  M 
as  soon  as  this  begins  to  act,  it  will  gradually  cause  lb 
projectile  to  leave  the  direction  AH,  and  to  more i 
some  other  line,  between  the  line  AB  and  the  lineAC 
viz.  in  the  diagonal  of  a  parallelogram,  whose  sit 
are  proportional  to  the  two  forces,  that  acted  upoo  i 
If  the  central  force  be  supposed  to  act  incessantly,  mW 
the  projectile  force  acts  by  a  single  impulse,  there  ntol 
be  a  continual  deviation  from  the  direction  AB,  w 
even  from  the  diagonal  of  a  piu-allelogram;  so  ihatdi 
diagonal  ^vill  degenerate  into  a  curve  w  hich  is  conca« 
to  the  central  force,  and  convex  towards  AB. 

The  distance  of  the  projectile  from  the  central  fixe 
may  continue  invariable,  through  the  whole  of  itsp 
grcss,  when  the  central  and  projectile  forces  are  so  h 
lanced,  tliat  the  one  draws  it  as  much  towards  thcOB 
ter  of  force,  as  the  other  draws  it  fiom  it.  WTiat  dl 
balance  is,  we  shall  hereafter  see,  and  demonstrate  t 
•  See  Plate  III.  Fig.  2. 
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you,  'that  when  the  velocity  of  the  projectile  is  such  as 
it  would  acquire  by  falling  freely  one  half  of  the  way  to 
die  center,  it  will,  in  that  case,  keep  continually  at  the 
same  distance  from  the  center,  and  revolve  in  a  circle; 
rf  which  this  is  a  known  property,  that  in  every  point 
a  ray  drawn  from  the  center  is  perpendicular  to  the  di- 
rection of  the  projectile,  which  is  a  tangent  to  the 
circle. 

If  this  angle,  instead  of  being  a  right  angle,  be  ob- 
tuse on  the  side  to  which  the  body  moves,  then  it  will 
recede  from  the  center  of  force,  and  continue  to  fly  from 
it,  as  long  as  it  remains  obtuse;  but  if  it  be  acute,  the 
moving  body  will  approach  the  center,  as  long  as  the 
said  angle  continues  to  be  acute;  the  effect  of  the  said 
central  force  being  in  the  first  case  to  retard  the  recess 
of  the  moving  body  from  the  center,  and  in  the  other 
case  to  accelerate  its  approach. 

•  If,  while  the  projectile  increases  its  distance  from  the 
center  of  force,  the  central  force  retain  sufficient 
strength  to  make  the  obtuse  angle  above  mentioned  to 
become  less  and  less  obtuse,  till  it  terminate  in  a  right 
an^e  at  last,  that  is,  when  the  line  from  the  center  of 
force  to  the  moving  body  becomes  perpendicular  to 
the  curve;  from  that  moment  the  moving  body  will  no 
longer  recede  from  the  center,  but  in  its  subsequent 
motion  it  will  again  descend,  as  the  angle  now  becomes 
acute;  and  in  its  approach  to  the  central  force  it  will 
describe  a  curve,  in  all  respects  similar  to  the  curve 
described  in  its  ascent;  provided  the  central  force  con- 
tinues to  act  every  moment  with  the  same  strength  at 
equal  distances  from  it.  Because  if  we  suppose  that 
^the  motion  of  the  projectile  was  stopped,  when  the 
aforesaid  angle  became  a  right  angle,  and  .he  body 
thrown  back  in  a  contrary  direction  to  that  in  which  it 


was  moving,  and  with  the  same  velocity,  it  must,  t 
the  joint  operation  of  these  forces,  describe  the  saa 
curve  over  again,  which  it  described  in  its  asceiit,  a 
acquire  the  same  velocity  with  which  it  was  projecU 
at  first.  The  curve  therefore  which  it  describes  io  i 
progressive  motion,  ivhile  it  is  appraiching  the  c 
of  force,  being  described  by  tlie  o^ieration  of  the  san 
forces,  must  be  altogether  the  same.  . 

Now  if  the  curve,  described  from  the  time  tbatjj 
aaid  itngle  is  a  right  angle,  until  it  become  a  right  ai 
again,  first  increasing  in  its  obtuseness  to  its  maximui 
Luid  tlicn  decreasing,  be  a  complete  scmi-ellipsis,  d 
scribed  in  absolute  space,  tlien  the  other  part  of  tj 
curve,  which  the  projectile  will  describe,  in  its  prc^reaii 
while  the  said  angle  increases,  and  then  dccreases,j 
the  degree  of  its  acuteness,  must  also  be  a  complO 
semi-ellipsii^i  and  the  body  will  have  arrived  at  the  f 
cise  point,  from  whence  its  motion  began.  And  1 
being  the  case  in  every  subsequent  revokiiion,  the  f 
where  the  said  angles  become  right  angles,  which  n 
called  the  apsides  of  the  orbit,  will  rcmmn  stationary.  ^ 

If  the  portion  of  the   orbit  described  within  it 
aforesaid  limits  be  kss  than  a  semi-ellipsis,  the  | 
tile  will  have  arrived  at  its  greatest  distance  Irom  tJ 
c«iter  of  force,  before  a  complete  revolution  round  tl 
central  force  was  finished  in  absolute  space.  From  tl 
point  however,  where  its  distance  is  greatest,  called  i 
apheiiutn,  it  will  begin  to  descend  again  towards  t 
center;  and  in  its  next  revolution,  it  will  come  to  i 
greatest  distance  before  it  arrives  at  the  same  : 
again  in  absolute  space;  and  ihij  l>eing  the  case  in  eva 
subsequent  revolution,  the  aphelia  or  apsides  will  liav( 
a  retrograde  motion,  and  will  be  found  in  all  directioH^ 
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z  center,  after  a  ceiTain  namber  of  revolutions  of 
Hfe'projeciile. 

But  if,  on  the  other  hand,  the  portion  of  the  orbit  dBii-l 
ciibed  between  the  tinies,  when  the  revolving  body  is' 
t  its  greatest  and  least  distances  from  the  center  of 
orce,  be  more  than  a  semi-ellipsis,  it  will  have  perform- 
d  more  than  a  revolution,  when  it  has  arrived  at  hs: 
;reatest  distance  from  the  center,  where  we  suppose  its 
aotjon  began;  and  this  being  tlie  case  in  every  subse- 
|uent  reA'olution,  its  apsides  will  liave  a  progressive 
notion,  in  the  direction  of  the  moving  body,  and  hy 
\aB  progressive  motion,  they  will  i)erform  in  due  time 
complete  revolution  round  the  center  of  ibrce. 
Thus  we  see  how  a  revolving  body,  which  is  con- 
tantljr  attracted  by  a  central  force  in  any  given  point, 
nay  (^  its  projectile  velocity  be  kept  from  falling  into 
be  center  of  force,  and  describe  about  it  an  endless 
ircuit;  sometimes  approaching  towards  the  center,  and 
gain  receding  from  it,  within  certain  limits;  while  the 
icntial  force  preserves  the  same  force  at  the  same  dis- 
BtKX.  When  we  come  to  astronomy,  we  shall  see  that 
his  central  force  resides  in  the  sun,  and  that  it  regulates 
ill  the  motions  of  the  planets  and  comets.that  belong  to 
he  solar  system. 

Before  Sir  Isaac  Newton,  no  man  ever  advanced  any 
;oIerable  and  consistent  hypothesis  to  account  for  the 
notions  of  the  heavenly  bodies.  He  found  by  consider, 
ng  the  nature  and  effect  of  that  power,  which  caused  a 
leavy  body  to  descend  in  a  right  line  directed  to  the 
xnterof  the  earth,  that  it  was  sufficient  to  retain  the 
noon  in  her  orbit*,  and  indeed  not  only  the  earth  and 


Alf  AEsilhe  space  which  the  moon  describes  in  a  minute  □( 
'— fcit  will  be  foiiml  to  be  33"  nearly.  And  AF  will  lie  the  vprserf 
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moon^  but  also  all  the  planets  and  comets  in  their  orbits 
round  the  sun  as  their  center;  and  therefore  concluded 
that  matter  was  endowed  with  such  a  force.  Hence  he 
called  this  central  force,  by  which  the  planets  and  co* 
mets  are  retained  in  their  orbits,  and  all  their  motions 
governed,  gravitation;  without  pretending  to  explain  its 
nature  or  the  mode  of  its  operation.  He  only  called  it 
by  the  name  of  gravitation,  because  he  found  it  to  be 
precisely  the  same  with  that  principle  of  gravity,  which 
causes  a  heavy  body  to  descend  towards  the  center  of 
the  earth. 

But  whether  this  power  be  mechanical  or  not,  we 
cannot  determine,  with  sufficient  certainty.  From  accu- 
rate experiments  and  mathematical  inductions,  he  has 
accurately  explained  the  laws  of  its  operation,  and  every 
day's  experience  confirms  the  conclusion  he  has  drawn, 
Srom  what  he  had  observed,  concerning  this  extensive 
principle  of  motion;  which  reaches  the  whole  solar  sys- 
tem, and  possibly  all  the  systems  of  the  universe.  Ob- 
servation proves  that  this  principle  increases  in  force,  as 
the  squares  of  the  distances  decrease,  from  the  central 

sine  of  ^S'^  equil  to  16  feet  in  the  moon's  orbit.  She  performs 
her  revolution  in  27^  7»>  43'=39343'.  If  39343' :  360© : :  i' :  33" 
of  a  degree.  As  the  radius  of  the  earth  is  3985  miles,  the 
radius  of  the  moon's  orbit  is  60  times  as  great,  viz.  239, 100 
milesss  1,262,448,000  feet  Now  AC  :  AF  : :  rad.  vers.  s.  1,33" : : 
1,262,448,000:  16  feet  nearly.  Therefore  the  force  which  keeps 
the  moon  in  her  orbit,  would  cause  her  to  descend  1 6  feet  in  a 
minute  of  time,  if  her  projectile  force  were  destroyed.  We  hmve 
proved  before,  in  considering  the  descent  of  heavy  bodies  bf  the 
force  of  gravity,  that  a  heavy  body  would  &11  16  feet  in  a  minute 
of  time,  if  it  were  removed  60  semi-diameters  from  the  center  of 
the  earth.  Therefore  the  force  of  gravity  is  sufficient  to  retain 
the  moon  in  her  orbit.  See  Plate  IV.  Fig.  J.  • 
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|^»  m  whidi  it  reudes;  as  light  fram  a  luminous 
,  which  we  know  to  be  material,  is  fbtiud  to  do. 
e  some  liave  been  led  to  conclude,  that  gravitj' 
u  produced  bj-  some  subtile  medium  pressing  to- 
I  the  sun  and  planets,  and  acting  by  contact  on 
,  as  all  meclianioil  causes  act.  But  on  the  other 
,  when  it  is  ctmsidered,  lliat  it  is  iiroportionul  to 
[uantity  of  matter  in  bodicii,  without  imy  regard  to 
It  surfaces,  and  that  it  acts  as  tixely  upon  the  micr- 
1  the  external  pans  of  bodies;  it  seems  to  sur- 
pass  the  power  of  mechanism,  and  to  be  the  immediate 
efect  of  tiie  divine  agency;  or  at  least  the  result  of  an 
origiiiul  lau-,  impressed  ujxjn  all  matter,  by  the  hand  of 
Omnipotence.  Illvtry  particle  of  matter  about  us,  how- 
ever minutely  divided,  is  possessed  of  this  principle,  in 
exact  proportion  to  its  quantity  of  matter;  as  we  find, 
that,  in  vacuo,  all  bodies,  whether  great  or  small,  full  in 
2  time  and  with  equul  velocities;  which  is  a  ne- 
Y  conbcquence  of  the  supposition,  that  the  earth 
I  every  body  near  it,  with  a  force,  propor. 
J  to  the  quantity  of  matter  it  contained.  But  as  all 
r  is  found  to  be  inert,  some  are  of  opinion,  that  it 
lapable  of  receiving  any  law  impressed  upon  it, 
by  Omnipotence,  It  seems  to  me  however,  as  rea- 
e  lo  suppose,  the  Deity  capable  of  impressing  any 
■  pleases  upon  matter,  as  to  believe  that  he  gave 
sioD,  solidity,  or  existence. 
=  manner  of  both  is  equally  inconceivable  by  us. 
ter  of  them  implies  a  contradiction  in  our  ideas; 
efore  both  may  be  within  the  acknowledged 
T  of  Omnipotence. 

t  however  this  may  be,  and  however  difficult  it  is 
1  the  cause  of  gravity,  or  the  mode  of  its  ope. 
I  Sir  Isaac  Newton  has  gone  a  great  way  to- 
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wards  it,  by  showing,  that  every  particle  of  matter  is 
irxJued  with  this  I'orce;  and  that  a  globe  attracts  any 
body,  ill  the  same  manner,  and  with  the  same  degree 
of  force,  as  if  the  nhole  c)uantity  of  matter  in  the  globe, 
were  collected  into  its  center.  The  united  observations 
of  astronomers  conspire  to  prove,  that  from  the  conti- 
nued operation  of  the  centnil  force,  which  is  called  gra- 
^■itation,  and  (he  original  projectile  impetus,  given  by 
the  hand  of  the  Almighty,  to  the  planets  and  comets, 
their  curvilineal  motionR  round  the  sun  are  continued. 
What  is  the  particular  degree  of  strength,  in  the  central 
force,  and  its  panicular  adjustment  to  tlie  projectile 
foice,  to  produce  this  effect,  is  the  business  of  mathe- 
matics to  determine:  and  we  must  deliver  you  the  fiin- 
clamental  theorems  and  propositions,  which  are  neces- 
sary for  understanding  the  sublime  science  of  ai 
nomv. 


StV^H 


CROPOSITIOX  1 

The  central  force  sufficient  to  retaiji  a  revolving  body 
in  a  circle  is  equal  to  the  square  of  any  arch  of  that  circle 
described  in  any  given  portion  of  time  divided  by  the 
diameter  of  the  circle. 

Let  a  body  at  A,*  revolving  in  the  circle  AED,  about 
the  central  force  at  C,  move  from  A  to  E  in  a  very 
small  portion  of  time.  Let  AH  represent  the  apace  it 
would  pass  over  in  the  direction  of  the  tangent,  in  the 
same  time,  by  virtue  of  the  projectile  force  alone,  and 
let  HE  or  AF  represent  the  space  it  would  pass  over 
by  die  central  force  alone  in  the  same  time,  which  force 
is  sufficient  to  retain  the  revolving  body  in  die  circum- 
ference of  the  circle.  These  spaces  therefore  will  repre- 
sent the  Respective  forces.  VV"e  have  seen  from  tlie 
second  law  of  motion,  riiat  the  revolving  body  canuol 
•  See  Plate  IV.  Fig.  1. 
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move  either  in  the  direction  AH,  or  AF,  but  in  the 
dia^nal  of  n  parallelogram,  whose  sides  are  propor- 
tional to  tlicic  Ibrces;  that  is,  in  the  arch  of  the  circle 
AE,  supposing  it  indefinitely  small,  and  coincident  widi 
the  diagonal.  But  by  8.E.6.  AD  :  AE  : :  AE  :  AF= 

\E' 

V  :-:■=  the  central  force.  Q.E.D. 

Now  if  we  put  C=  the  central  force,  and  2R=  the 

L       ^    AE^ 
diameter,  we  have  C=-;rn-. 

1 .  Cor.  Since  the  arch  AE  is  proportional  to  the  ve- 
locity with  which  it  is  described;  if  we  put  AE=V,  we 
shall  have  the  central  force  proportional  to  die  square 
of  the  velocity  directly,  and  inversely  as  the  radius  of 

VV 

the  circle;  that  is  C=— r^. 

2.  Hence  if  two  bodies  revolve  in  ecjual  circles  about 
different  central  forces,  these  central  forces  must  be 
proportional  to  the  squares  of  their  velocities.  C=VV. 
That  is,  if  the  projectile  velocity  of  one  body  be  twice 
as  great  as  that  of  the  oilier,  the  ceniral  force  of  the  first 
must  be  four  times  as  great  as  thai  of  the  second,  to 
retain  them  in  the  same  circular  orbit. 

3.  If  two  equal  bodies  revolve  with  the  same  velocity 
in  diHerenl  circles,  their  central  forces  must  be  inversely 

1 


given,  or  the  same  in  each. 

PROPOSITION  11. 

The  space  a  body  must  fall  through,  by  the  action 

of  the  central  force,  to  acquire  a  velocity  sufficient  to 

balance  the  central  force,  and  mnke  it  revolve  in  a  cir. 

^fe,  is  etjual  to  half  the  radius. 


Let  this  space  be  represented  by  x.  Now  tlie  velo- 
city acquired  at  the  end  of  any  fall  is  such  as  would 
carry  the  body  over  double  the  spuce  in  the  same  time, 
therelbre  the  velocity  of  the  projectile  may  be  repre- 
sented by  twice  the  space  it  must  fall  through,  to  ac< 
quire  it,  that  is,  2x=V,  and  consequently  4xx=VV. 
But  farther,  the  siwce  that  a  body  passes  over  by  the 
central  force  ulonc,  is  proiKirtional  to  that  force,  in  a 

VV 


given  time;  therefoie,  by  the  first  proposition,C= 


^R' 


Now  substituting  for  VV  its  equal  4xx,   we   have 

4xx  R 

— ^=x,  or  x=~;  that  is,  the  spaces  passed  over  by  the 

action  of  the  c'cntral  force  alone,  to  give  the  revolving 
body  sufficient  velocity  to  keep  it  in  the  circle,  is  equal 
to  half  the  radius  of  the  circle.  Q.E.D. 

Now  this  is  the  exact  adjustment  between  the  cenlnl 
and  projectile  forces,  necessary  to  cause  a  body  to  re- 
volve in  a  circle.  Hence  it  is  evident,  that  if  this  pro- 
jectile velocity  be  increased  in  any  degree,  the  revolving 
body  will  leave  the  arch  of  the  circle,  and  revoh-c  in  t 
curve  between  it  and  the  tangent;  and  if  it  be  diminish- 
ed, it  will  fall  within  the  circle,  and  move  in  a  curve 
more  distant  from  the  tangent;  the  central  force  being 
supposed  to  continue  the  same.  From  hence  we  derive 
an  indisputable  argument  to  prove,  that  the  orbits  of  die 
planets  and  comets  are  not  circular  at  present;  for  had 
thty  ever  been  such,  their  mutual  action  upon  one  ano- 
ther, sometimes  increasing  and  other  limes  diminishing 
tlieir  projectile  velocities,  must  have  gradually  destrov- 
•d  the  circular  form  of  their  orbits. 
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PROPOSITION  lU. 

The  periodical  lime  of  a  planet  is  directly  propor- 
tional  to  the  radius  of  Its  orbit,  and  inversely  proportioiir 
a)  to  the  velocity. 

If  the  planet  move  with  any  given  velocity,  it  is  evi- 
dent  that  the  greater  the  nidiui>  of  its  orbit  is,  the  greater 
must  be  the  circumlbrcnce  of  the  circle  it  describes, 
and  the  greater  must  be  its  periodical  time.  Therefore 
in  diis  case  P=R. 

And  the  greater  that  the  planet's  velocity  is,  the  soon- 
er will  it  complete  its  revolution,  and  therefore  P^t^- 

But  when  ncillicr  the  distance  nor  velocity  is  given, 
the  periodical  time  must  depend  upon  both,  and  be  in 
R 


Cor.  1.  Hence  the  velocity  is  as  the  distance  directly, 

and  periodical  lime  inversely.  V=— . 

Cor.  2,  The  central  forces  of  two  bodies,  by  which 
they  are  retained  in  their  circular  orbits,  at  different  dis- 
tances from  the  center  of  force,  are  as  tlieir  distances 
dlrectlj',  and  as  the  squares  of  their  periodical  limes  in- 

VV 
versdjr.  For,  by  Prop.  1.  C=-^,  and  by  this  Prop. 

V=^,orVV=^.  Therefore  C=Jp. 

PROPOSITION  IV. 

If  we  suppose  that  the  central  force  decreases  as  tl 
stiiiares  of  the  distances  increase,  then  the  squares  of 
the  periodical  times  will  be  as  the  cubes  of  the  dis- 
tances. 


For,byC"or.2.  Prop.  3.  — ^pp-^^, 

position.  Therefore  P^=R'. 

But  as  none  of  the  orbits  of  tlie  solar  system  are  ex. 
actly  circuliir,  it  is  uiinecessarj-  to  pursue  this  theoij 
any  farther,  we  shall  therefore  proceed  to  other  proposi- 
tions, which  will  be  found  in  fact  to  agree  with  what  we 
find  in  the  heavens. 

PROPOSITION  V 

If  one  body  revolve  round  another  by  a  force  directed 
tb  any  fixed  center,  it  will  describe,  b}'  a  ray  diswn 
from  the  center  of  force,  areas  proportional  to  the  times. 

Let  the  body  be  supposed  to  move  in  the  direction 
AI*  by  the  projectile  force  alone;  instead  of  going  b 
this  direction  it  will,  b)  the  influence  of  the  cLiitral  force 
placed  in  S,  mo\'e  in  the  direction  AB,  and  if  permit- 
ted to  move  on  in  tliat  direction,  without  any  forther 
disturbance  from  the  central  force,  it  would  movefimn 
B  to  C,  in  the  same  time  that  it  moved  front  A  toB, 
tnaking  BC=AB.  But  by  the  influence  of  the  central 
force,  Hliich  alone  is  sufficient  to  carrj'  it  to  N,  it  will 
neither  proceed  in  the  direction  BN  nor  BC,  but  in  ibc 
direction  BD:  and  at  D  it  will  have  such  velocity  an 
would  carry  it  over  the  siKice  D£=BD,  in  the  same ' 
lime:  but  by  the  action  of  the  central  force,  it  is  prt- 
vented  from  moving  in  the  direction  DE,  and  bent  into 
the  line  DF,  the  diagonal  of  the  parallelogram  DKFE; 
for  by  the  approach  of  the  planet  to  the  center  of  force, 
it  has  now  acquired  such  strength  sis  to  carry  the  planet 
over  the  space  1)K  by  its  influence  alone.  In  the  next 
instant  of  time,  it  would  move  over  FG=DF  in  the  di- 
rection DF,  with  the  velocity  acquired  in  F.  But  at  dK 
end  of  the  said  time,  it  will  be  found  in  the  point  H, 
■  See  Plate  IV.  Fig.  2 


having  described  FH  the  diagonal  of  the  parallelogram 
FLHG. 

Now  I  say  that  all  these  spaces  ASB,BSC,DSE,FSH, 
described  in  equal  times,  are  equal:  For,  because  AB= 
BC,  the  triangles  ASB  and  BSC  are  equal,  as  having 
the  sanie  base  and  altitude;  But  BSC=BSD,  having 
the  same  base  BS,  and  being  between  the  same  parallels 
BS  and  CD,  therefore  ABS=BSD.  For  the  same  reason, 
BDS=DSE,  having  the  equal  bases  BD  and  DE  and 
llie  same  altitude;  and  DSE=DSF,  having  die  same 
base  DS,  and  being  between  the  same  parallels  DS  and 
EF.  Therelbre,  Etc.  Q.E.D. 

Now  if  these  basfs  AB,BD,DF,FH,  be  supposed 
indefinitely  small,  or  in  their  nascent  slate,  they  will 
coincide  with  die  curve  described  by  the  revolving 
tjody. 

Cor.  I.  The  velocity  of  the  revolving  body  is  evcry- 

wljere  inversely  as  a  perpendicular  to  the  tangent  of  the 

orbit  ill  the  place  of  the  body,  from  tlie  center  of  force; 

because  the  velocities  are  as  the  bases  of  the  equal  tri- 

ll||^s  ASB.BSD.DSE,  ^c.  described  in  equal  times; 

I^Hk  the  bases  of  equal  triangles  are  inversely  as  their 

"^Jfauides;  that  is,  inversely  as  the  perpendiculars  to  the 

tangents,  for  the  tangents  and  bases  coincide  in  their 

nascent  or  evanescent  state. 

Cor.  2.  The  times  of  describing  the  equal  areas  are 
direcUy  as  the  said  perpendiculars,  because  they  are  in- 
versely as  the  velocities;  for  the  greater  the  velocity  is, 
by  whicli  any  arch  is  described,  the  sooner  the  revolv- 
ing body  passes  over  it. 

Cor.  J.  As  any  area  of  the  orbit  is  to  the  time  of  its 
icription,  so  is  the  area  of  the.^vhole  orbit  to  the  pe- 
lical  time;  and  therefore  the  periodical  time  of  a  pla- 
t's revolution  is  proportional  to  the  area  of  the  orbit 
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directly,  and  inversely  to  aiiy  sector  described  in  a  giveo  J 
time. 

In  our  lecture  on  projectiles  we  found,  that  x  t 
would  move  in  the  curve  of  a  parabola,  if  the  centlj 
force  acted  with  an  invariable  degree  of  strength,  and 
the  projectile  velocity  were  such  as  would  be  acquirtd 
by  falling  through  a  space  equal  to  one  fourth  of  the 
parameter  of  that  diameter,  which  passes  through  the 
point  of  projection;  now,  one  fourth  of  iht;  parameter  is 
equal  to  the  focal  distance.  The  projectile  will  therefoC 
move  in  a  parabola,  when  thrown  with  a  veloci^.^ 
quired  by  falling  through  the  focal  distance;  and  t 
the  necessary  adjustment  between  the  central  and  ] 
jectile  forces,  in  the  description  of  a  piiraboUt.  But  i 
have  also  seen,  that  the  pi-qjecied  bod)  will  move  in  a 
cle,  whose  center  is  the  focus  of  the  parabola,  and  v 
radius  is  the  focal  distance,  if  projected  with  the  i 
city  acquired  in  filling  through  half  that  distance. ' 
fore,  since  the  velocities  acquired  in  fiiliing  thn 
any  given  distances  are  proportional  to  the  square  r 
of  these  distances;  it  follows,  that  the  velocity  nece&sa- 
ry  for  the  description  of  a  circle  is  to  the  velocity  ne. 
cessary  for  the  description  of  a  parabola,  ass/I  to  VS, 
the  radius  of  the  circle;  and  the  focal  distance  of  the 
parabola  being  the  same. 

These  two  curves  then  require  this  exact  adjustment 
between  the  central  and  projectile  forces  for  ihcirde- 
scrilition;  and  the  reason  is,  because  the  central  force  k 
supposed  ill  both  these  cases  to  act  with  the  same  in' 
riable  degree  of  strength,  being  always  at  the  samed 
tanee  from  the  body  revolving  in  a  circle,  and  b 
an  infinite  distance  from  it  wlien  moving  in  a  parabt 
as  the  center  of  this  curve  is  at  an  infinite  distance  fi 
its  rtilcx. 
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As  the  parabola  is  the  utmost  limit  of  aii  ellipsis  o» 
the  one  side,  when  the  curve  flies  open,  and  the  center 
and  fi>cus  recede  to  an  infinite  distance  from  the  vertex; 
and  the  right  line  is  the  utmost  limit  of  the  ellipsis  on 
the  other  side,  when  the  conjugate  axis  vanishes;  it  is 
evident,  that  any  velocity  less  than  what  is  necessary 
for  die  description  of  a  parabola,  will  make  the  revolving 
body  move  in  an  ellipsis,  which  therefore  requires  no 
certain  adjustment  between  the  central  and  projectile 
iorces.  If  the  velocity  necessary  for  the  description  of 
a  parabola  be  diminished  in  any  proportion  between  the 

ratio  of  V2 !  1.  the  ellipsis  described  will  lie  within  the 
parabola,  and  without  the  circle,  and  the  center  of  force 
will  be  in  the  focus  nearest  to  the  place  of  projection, 
as  die  body  moving  without  the  circle  recedes  from  the 
center  of  force:  and  if  it  be  diminished  in  a  still  greater 
pn^rtion,  even  down  to  nothing,  the  ellipsis  described 
will  lie  within  the  circle,  until  it  finally  degenerate  into 
the  radius  of  the  circle,  and  the  center  of  force  will  be 
in  the  focus  most  distant  from  the  point  of  projection. 
Lasdy,  if  the  parabolic  velocity  be  increased  in  any  de- 
gree, the  projected  body  will  move  in  a  hyperbola  by 
virtue  of  a  centrifugal  force,  placed  in  the  focus  of  the 
opposite  hyperbola;  as  the  focus  of  the  ellipsis,  after 
having  receded  to  an  infinite  distance,  when  it  flew  open 
into  the  parabola,  comes  to  a  finite  distance  on  the  other 
side;  and  the  curve  becomes  convex  to  the  center  of 
force.  Now,  as  neither  the  parabola  nor  hyperbola  are 
curves  that  return  into  themselves,  if  the  projectile 
move  in  cither  of  these,  it  is  evident,  that  it  will  conti- 
nually recede  from  the  center  of  force,  and  never  more 
return  to  the  place  of  projection. 

But  in  order  that  one  body  may  revolve  in  the  curve 
of  an  ellipsis  round  another  placed  anywhere  in  the  axis 
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'POSITION  VI. 

If  II  line  be  drawn  from  the  place  of  the  revolving 
body  to  the  focus  of  the  ellipsis,  aiid  ihls  line  be-  iiiicr- 
sectcd  by.another,  drawn  from  thf  place  ol'  the  centni 
force,,  piirnUel  to  the  tangent  of  the  ellipsis  at  the  pbcc 
of  the  revolving  body,  then  the  cube  of  thL-  distance 
between  the  said  point  of  intersection  and  the  revrfvii^' 
body  will  be  to  a  paralleloplpedon,  whose  base  is  the 
scjuare  of  its  greatest  dibtiince  from  the  center  of  force, 
and  allimde  its  distance  from  it  at  the  given  time,  as  the 
strcngtli  of  the  central  force  at  its  greatest  distance,  to 
the  strength  of  it  at  any  other  given  time  or  place. 

Cor.  1.  If  the  place  of  the  central  force  be  supposed 
to  be  the  center  of  the  ellipsis,  its  strength  must  increase 
and  diminish  in  exact  proportion  to  the  varying  distance 
of  die  revolving  body,  to  keep  it  continually  in  the  el- 
liptic orbit;  for  then  xx=zz,  for  PZ  becomes  equal  to 
PE=CA=x,  and  then  C  :  c  :  :  x  :  y. 

Cor.  2.  If  the  place  of  the  central  force  be  the  focuj 
of  the  ellipsis,  then  the  central  force  is  everywhere  JS 
the  s(]uare  of  the  distance  inversely  from  the  revolmg 
body.  Because,  when  L  and  S  coincide,  z=y,  or  PZ= 
PS,  and  C  :  c  :  :  zz  :  xx. 

We  find,  both  from  theory  and  observation,  this  to 
be  the  law  of  that  central  force,  which  regulates  and 
governs  all  the  motions  of  all  the  planets  and  comets, 
which  belong  to  the  solar  system;  viz.  that  they  all  re- 
volve round  the  sun  in  elliptic  orbits,  and  that  the  sun  is 
placed  in  one  common  focus  of  all  the  ellipses  they  de- 
scribe. This  will  be  made  still  more  evident  from  flic 
agreement  that  is  found  between  their  motions  and  the 
following  propositions. 


PHOPOSixiON  VH 
f  several  planets  relo\e  in  separate  ellipses  roupd  a 
■al  force  placed  in  a  common  focus "beloni^ing  to  all, 
ijDd  which  is  reciprocally  as  the  squares  of  the  distances 
of  each  from  it;  their  periodical  times  will  be  directly 
as  the  area  of  each  elliptic  orbit,  and  invtisely  as  the 
square  root  of  its  latus  rectum. 

Let  P=thc  periodical  time  of  a  planet's  revolution, 
A=thc  area  of  its  elliptic  orbit,  L=:it's  latus  rectum, 
iatid'S=:any  sector  described  in  any  portion  of  time. 
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5:lA=:LxC,  because  the  central  force  C=IA. 
,_  _i»;x'fil=:2S=SA>cVLJ<C=nFJtVL3^=VL: 

I  f^ytll'l   .111  .    .;  v\. 

Me  C=T7x^  by  hypothesis.  ■.S-'V=—=:.  |- 

A         A'  ■     "■■'^* 

;2S=VL.and  P=:~=-S.  Q.E.D. 

IT.  1.  The  area  of  each  ellipsis  is  proportional  to 

nodical  lime  and  sq.  root  of  the  lat.  rectum. 
Xi  ?.  S=vL. 

PROPOSITION  VIII. 

fpAi^fcal  limes  of  different  planets  about  the 
■  ceh'tef  are  in  a  scsquiplicate  ratio  of  the  greater 
axis  of  the  ellipiiis  they  describe;  or  in  other  wo;-d; 
Ac  squares  of  their  periodical  tim,es  are  as  the  cubes 
1  distances.         '"  """"'  -"     '"  ■  "' 
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Per  Prop.   7.   PP=^'='l^,   a  and  b,  being  die 

transverse  and  conjugate  axes. 

But  L= — ,  therefore  PP=aaa.  Half  the  greater  mb 
a 

is  the  mean  distance.   Q.E.D. 

Cor.  1.  Hence  in  every  species  of  an  ellipsis  that 

can  be  described  on  the  same  transverse  axis;  from  the 

circle,  where  tlie  foci  unite  in  the  cpnter,  to  a  right  line, 

where  they  recede  to  the  ends;  the  periodical  limes 

must  be  the  same,  being  in  the  sesquiplicate  ratio  of 

the  same  axis. 

PltOPOSITlON  !X 

Upon  the  supirosition  of  the  same  law  of  the  central 
force,  the  velocities  of  planets  in  tluir  different  orbits 
are  as  the  square  roots  of  the  parameters  of  llicir  greater 
axes,  divided  by  a  perpendicular  let  fall  from  the  center 
offeree  to  the  tangent  passing  through  the  place  of  the 
planets. 

Tiie  velocity  V,  at  any  jioint  P,  is  as  the  arc  QP 
described  in  any  indefinitely  small  part  of  time;  thalia, 
V:=QP.  But  QPxSY=the  area  of  tire  sector  SQP  de- 
scribed in  die  same  time,  which  by  Cor.  2.  Prop.  7.  is 
proportional  to  the  square  root  of  the  lat.  rectum;  tW 

is,  QPxSY=VL.  Therefore  V=QP=^.  Q.E.D. 

Cor.  1 .  If  L  be  given,  or  the  orbits  be  the  same,  the 
velocity  is  everywhere  reciprocally  as  the  perpendicular 
from  the  center  of  force  to  the  tangent.  As  per  Prop. 
5.  Cor.  1. 

Cor.  2.  If  L  be  given,  or  the  orbits  be  the  same,  tbe 
velocities  of  the  planet  in  the  aphelion  and  perihelioQ 


.__f  be  reciprocally  as  the  distance  of  these  points  from 
Ito  center  of  force. 

Cor.  3.  If  L  be  given,  the  velocity  of  the  planet  at 
its  mean  distance  is  to  its  velocity  at  any  other  point  of 
its  orbit,  as  the  square  root  of  the  perpendicular  from 
the  center  of  force  to  the  tangent,  is  to  the  square  root 
of  the  perpendicular  from  the  other  focus  to  the  same 
Lingent  at  the  place  of  the  planet.  Because  the  perpen- 
dicular at  the  mean  distance  is  equal  to  the  sen^i-conju- 
gate  axis,  which  is  a  mean  proportional  between  the 
perpendiculars  from  the  foci  to  any  tangent  of  the  ellip- 
sis. If  dien  V=the  velocity  at  the  mean  distance,  and 
v=:^  velocity  at  any   other  point,    we    shall    have 
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:VUX.  Q.E.D.  ' 

Cor.  4.  The  veli>city  of  a  planet,  at  its  mean  distance, 
in  the  ellipsis,  is  equal  to  the  uniform  velocity  of  a 
body  moving  in  a  circle,  whose  radius  Is  equal  to  the 
mean  distance. 

Because  the  perpendicular  from  the  center  of  force 
to  the  tangent  at  the  mean  distance  is  now  the  i>emi- 
conjugate  axis,  and  the  square  root  of  the  latus  rectum 
divided  by  the  semi-conjugate  axis,  is  equal  to  the 
sqtiare  root  of  2  divided  by  the  square  root  of  the  se- 

mi-transverse  axis;  lliat  is  V=    — =-xV-=V-.  And 
c    c        t         t 

Ac  circle  is  that  species  of  the  ellipsis,  whose  foci  coin- 
cide in  the  center,  and  whose  latus  rectum  is  equal  to  its 
diameter,  or  to  twice  the  mean  distance  of  the  planet, 
and  its  radius  being  perpendicular  to  the  tangent  is  by 
st^posltion  equal  to  the  mean  distance  of  the  planet, 
^half  its  transverse  axis.  Therefore  the  velocit\- 
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the  circle  is  equal  to =  V  -,  the  same  with  tfkc  y^ 

city  at  the  mean  distance  in  the  ellipsis. 

Cor.  5.  If  a  body  revolve  in  a  circle,  whose  radius  is 
equal  to  the  aphelion  or  perihelion  distance  of  a  planet, 
the  velocity  of  the  planet  revolving  in  the  ellipsis  at  these 
points,  will  be  to  the  velocity  of  a  body  revolving  in  the 
circle,  as  the  square  root  of  the  latus  rectum  of  the  el- 
lipsis, to  the  square  Hoot  of  the  diameter  of  the  circle. 
Because,  in  these  points,  the  tangents  Of  both  cur^'es, 
and  the  perpendiculars  to  the  tangents  coincide,  and  the 
latus  rectum  of  the  circle  is  equal  to  its  diameter.  There- 
fore the  velocities  bein^  proportional  to  the  square'toots 
of  the  latent  recta,  when  the  perpendiculars  arc  the 
same,  they  are.  lo  one  another  as  the  square  root  of  the 
latus  rectum  of  the  ellipsis,  to  the  square  roo?  of  the 
diameter ^of.i^^circle.  V  ;  v.:  :  Vj^  :  VSR. 

PROPOSITION  X. 
■    .,  l-.(i(.>    -.   ':-ibj.  ■    ■   '  .'     'ii"- 

If  the  central  force,  which  causes  an  ellipsis  to  bt 
described  round  its  focus,  should  decrease  more  or  less 
in  proportion,  than  as  the  square  of  the  distance  of  the 
rev'oKing  body  increases,  the  body  would  leave  thed- 
lipsis.  unless  the  curve  itself  be  supposed  to  revolve  oo 
its  focus;  and  on  this  hypothesis,  the  greater  axis  would 
move  in  the  same  direction  with  the  body,  when  the 
central  fiaree  becomes  too  small,  and  in  a  contrary  di- 
rection, when  it  becomes  too  great,  to  be  i[i  proportk» 
to  tiie  squares  of  the  distances  inversely. 

The  law  of  the  centnl  force  residing  in  the  fMiis  bf 
an  ellipsis,  being,  to  increase  in  strength,  as  the  squarte 
of  the  distances  decrease;  if  any  alteration  should  hap- 
pen in  this  law,  the  distances  of  the  revolving  body  wiD 
be  either  grtrater  or  less,  than  what  they  would  be,  witft- 
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out  such  an  alteration,  and  cqntequen%  the  revolving 

body  will  be  either  without  or  within  a  fixed  and  im» 

movable*  ellipsis.  Suppose  that  the  body  moves  from 

the  aphelion  toM^ards  fhe  perihelion,  and  if  the  central 

force  do  mot  increase  so  fast  as  the  squqres.of  the  dis^ 

tances  decrease,  the  central  force  will  attract  the  body 

with  less  power^  and  therefore  suffer  it  to  move  without 

tbe  eUipsis^  unless  by  revolving  on  its  focus,  the  supe- 

rilr  apsis  of  the  ell^sis  advance  in  the  same  direction 

wilii  the  body,  and  with  a  velocity  proportioned  to  the 

want  of  due  strength*  in  the  central  body,  so  as  that 

some  point  of  the  curve  may  still  coincide  with  the  place 

of  the  body. 

And  on  the  contrary,  if  the  central  force  increased 
faster  than  the  squares  of  the  distances  decreased,  it 
would  urge  the  revolving  body  too  forcibly  towards  the 
focus,  and  cause  it  to  move  within  the  ellipsis;  unless  the 
Superior  apsis  receded  backwards,  and  thereby  caused 
Some  point  of  the  ellipsb  neattr  to  the  focus  to  coincide 
with  the  place  of  the  body.  So  that  in  the  first  case, 
%vhen  the  central  force  is  too  weak,  the  superior  apsis 
moves  f6rward  in  the  same  Erection  with  the  revolving 
body;  and  in  the  other  case,  when  it  is  too  strongs  the 
superior  apsis  will  have  a  retrograde  motion  in  a  con- 
traiy  direction. 

We  shall  have  occasion  for  this  proposition  in  'astro- 
nomy, to  explain  the  motion  of  the  apsis  of  the  moon. 
Tor  although  the  central  force  of  the  earth,  which  re- 
tains the  moon  in  her  orbit,  w*ould  make  her  describe 
an  immovable  ellipsis  round  the  earth,  placed  in  one  of 
its  foci,  if  she  were  not  attracted  by  any  other  force;  yet 
we  shall  see,  that  she  is  also  attracted  bv  the  sun,  and 
diis  additional  force,  sometimes  conspiring  with,  and 
sometimes  acting  against,  the  force  of  the  earth,  greatly 
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disturbs  her  motion.  At  the  new  and  full  moon,  Ihc 
force,  with  which  the  sun  sicts  upon  it,  causes  its  gra- 
vity toM'ards  the  earth  to  decrease,  in  the  departure  ol' 
the  moon,  and  to  increase  in  its  approach,  r^^iter  than  in 
the  inverse  proportion  of  the  squares  of  the  distances. 
From  whence  it  will  follo«',  that  as  the  attraction  of  the 
sun  is  contrary'  to  that  of  the  earth,  at  the  new  and  full 
moon,  the  attraction  of  the  earth  will  be  too  weak  to  re- 
tain her  in  an  immovable  ellipsis;  her  distance  from  tf* 
earth  will  be  increased,  and  therefore  the  apsis  of  her 
orbit  will  move  forward,  in  the  same  direction  with  her 
own  motion,  uhich  is  from  west  to  east. 

But  at  the  quarters,  the  disturbing  force  of  the  sun- 
conspiring  with  the  attractive  force  of  the  earth,  urges 
tlie  moon  more  forcibly  towards  the  focus,  and  causes 
her  to  descend  within  the  ellipsis  which  she  began  to 
describe  at  her  higher  ajjsis;  and  therefore  her  orbit  is 
to  be  considered,  at  these  points,  as  a  movable  ellipi 
whose  ap<^e  recedes  backwards  in  a  direction  c 
to  her  own  motion. 


HYDROSTATICS. 

Hydrostatics  is  that  branch  of  natural  philoi 
which  explains  the  nature,  gravity,  pressure  and  mdj 
of  fluids,  whether  elastic  or  nonelastic. 

Although  nothing  seems,  at  first  sight,  more  i 
determined  than  the  essential  distinction  betw« 
fixed  and  fluid  body,  and  every  person  sees  the  difll 
ence  between  them,  yet  the  more  that  this  subjeol 
examined,  the  more  difficulties  occur  in  the  detennh 
lion.  They  both  evidently  consist  of  the  same  kind 
matter,  and  the  original  constituent  particles  of  both  arc- 
the  same,  as  they  are  so  easily  and  i'rcqucntly  changed 
from  one  form  to  the  other,  as  in  the  fusion  of  msi  ' 
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ai)d  freezing  of  water.  Hence,  the  ancients  supposed, 
that  the  difference  consisted  in  this;  that  a  fixed  body 
retained  its  figure,  while  the  fluid,  unless  confined  in 
some  vessel,  exerted  a  continual  influence  to  change  its 
form.  This  however  cannot  be  the  true  definition  of  a 
fluid,  because  it  will  also  agree  with  a  fine  powder, 
which  none  ever  called  a  fluid. 

Descartes  thought,  that  he  liad  given  a  much  better 
definition  of  a  fluid,  when  he  supposed,  that  the  essence 
of  fluidity  consisted  in  the  intestine  motion  of  the  par- 
ticles; however  this  motion  might  be  imperceptible  by 
our  senses. 

Yet,  although  we  grant,  that  the  particles  of  a  fluid 
have  a  constant  tendency  to  motion,  it  is  still  a  hasty 
conclusion,  that  they  are  actually  in  motion. 

Sir  Isaac  Newton  and  his  followers,  rejecting  the  de- 
finitimi  of  Descartes,  have  endeavoured  to  ascertain  the 
nature  of  a  fluid  from  the  principles  of  mechanics,  and 
have  determined  tluit  fluidity  consists  in  these  three 
qualities  following, 

1.  The  exceeding  smallness  of  the  particles;  2,  Their 
roundness,  or  figure  necessary  for  constituting  volubi. 
lity;  3.  A  very  slight  cohesion,  or  rather  none  at  all. 
But  these  conditions  are  not  of  themselves  sufficient  to 
constitute  fluidit) ;  for,  unless  we  add  the  gravity  of 
each  particular  particle,  there  cannot  be  a  tendency  to 
flow.  Yet  all  these  four  conditions  are  found  in  the  calx 
of  tin  and  minium,  when  sufficiently  pulverized;  and 
still  they  do  not  flow,  until  they  begin  to  vitrify  with 
a  sufficient  degree  of  heat. 

To  avoid  this  difficulty,  our  modem  philosophers, 

neglecting  every  other  property  of  a  fluid,  excepting  its 

cohesion  and  gravity,  say,  that  a  fluid  is  that,  whose 

smallest  particles  do  not  cohere  with  a  greater  force, 

U 
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than  what  is  equal  to  the  weight  of  a  single  drop.  Bui 
still  it  may  be  inquired,  what  are  these  smallest  parti- 
cles, which  cannot  be  divided  into  lesser? 

As  matter  is  in  its  own  nature  infinitely  divisible,  it 
is  impossible  to  assign  its  smallest  particles.  Besides,  it 
is  evident  to  our  senses,  that  the  force  of  cohesion  m 
small  drops  is  much  greater  than  their  gravity,  and  tbtf 
they  do  not  separate  until,  by  the  constant  accession  of 
other  particles,  they  increase  to  such  a  magnitude,  thai 
the  gravity  of  the  xvhole  diop  is  more  than  sufficiott  to 
be  a  counterbalance  to  their  cohesion. 

These  things  then,  failing  to  give  saUsfaction  to  the 
philosophic  mind,  let  us  attend  to  the  operation  of  tia- 
ture,  and  see,  if  we  cannot  iiivestig;ite  the  precise  dif- 
ference between  a  fixed  and  a  fluid  body,  from  sotoeof 
the  most  obvious  properties  of  a  6uid. 

1.  At  first  sight,  there  is  this  remarkable  difference 
between  a  fixed  and  fluid  body,  that  the  particles  of  tiK 
former  are  so  closely  connected  together,  that  they  «■ 
ert  only  one  common  force  by  their  giavity;  but  besides 
diis  force  of  gravity,  which  all  fluids  possess  in  common 
with  fixed  botlies,  the  particles  of  a  fluid  are  not  so 
strictly  bound  together,  but  tliat  they  are  at  liberty  lo 
exert  a  very  remarkable  force  upon  each  other.  And 
hence  it  is  that  the  particles  of  a  fluid  cooatitntly  tend  to 
an  equilibrium,  and,  when  unrestrained  by  an  extenol 
force,  compose  iheniselves  into  a  plane  surface;  wbidl 
we  never  find  to  be  the  case  witli  powders,  howevff 
levigated  and  subtile  their  particles  may  be. 

2.  Although  the  particles  of  a  fluid  are  not  so  strictly 
coimected  together  as  to  hinder  a  remarkable  exertion 
of  force  upon  each  other,  yet  they  have  a  considerable 
cohesion  and  tendency  to  imion,  when  llie  fluids  arc 
unelastic;  and  this  coheuon  is  greater  in  some  than  in 


155 
odmv.  This  affords  a  remarkable  difference  between 
water  and  oUs;  and  even  among  oils,  some  are  more 
viscid  than  others.  W'liilt  llic  paiticlcs  of  some  cohere 
very  slightly,  those  of  olhcrs  liavc  buch  a  strong  cohe- 
sion, that  ihey  possess  a  degree  of  consistency,  border- 
ing upon  fixity;  as  in  butter,  wax  and  lallow.  Yet  some 
degree  of  cohesion  seems  so  essential  to  fluidity,  that  it 
constitutes  the  principal  difference  between  a  fluid  and 
an  impalpable  powder,  at  tlie  same  time  that  it  differs 
from  the  cohesion  ol  a  solid  only  in  ihc  degree  of  force. 

3.  While  an  unelastic  fluid  is  confined  in  a  close  ves- 
sel, and  pressed  with  an  external  tbitx,  it  still  admits  of 
the  freest  motion  of  its  particles  among  themselves,  and 
of  anj-  bodies  immersed  in  it,  so  that  they  are  at  perfect 
liberq-  to  follow  the  laws  of  their  own  specific  gravities. 
This  property  we  find  in  no  fixed  body.  For  powders, 
the  most  subtile  and  impalpable,  when  pressed  together 
with  any  considerable  force,  admit  of  no  motion  among 
their  particles,  nor  of  any  body  placed  in  the  midst  of 
them. 

4.  It  h  also  a  remarkable  pro]}erty  of  fluids,  that  they 
tenderly  embrace  the  most  brittle  bodies  immersed  in 
iheni,  and  defend  them  from  all  external  injurj-,  with 
whatever  weight  they  may  be  pressed.  A  piece  of  the 
thinnest  glass,  or  an  eggshell,  when  immersed  in  a  fluid 
remains  unbroken  even  when  the  fluid  is  pressed  (vilh 
an  assignable  weight. 

5.  All  fluids,  except  air,  or  elastic  vapour,  are  incom- 
pressible b)'  any  force;  as  is  proved  by  the  famous  Flo- 
rentine experiment,  of  compressing  a  globe  of  gold, 
filled  with  water,  through  the  pores  of  which  globe, 
although  exceedingly  small,  the  water  passed,  rather 
than  be  reduced  into  a  narrower  space.  That  water  was 
compressible  in  a  small  degree,  and  tliat  it  suffers  a  con- 
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slant  compression,  by  the  weight  of  the  atmosphere,  same 
philosophers  have  ruiihly  concluded  from  tlie  lullowing 
experiment.  Let  a  glass  bubble,  hav'mg  a  small  neck, 
be  filled  with  water  and  placed  under  the  receiver  of  ihc 
air  pump;  and  when  the  air  is  exhausted,  the  water  will 
be  seen  to  rise  in  tlie  neck  of  the  bubble.  This  rise  d 
the  water  in  the  neck  of  the  bubble  may  be  owing  to 
the  expansion  of  the  air,  Mhich  lodges  in  the  ptxea  of 
the  fluid,  when  the  pressure  of  the  external  air  is  taken 
off. 

6.  The  free  tnolion  of  tlie  particJes  of  a  compressed 
unelastic  fluid  among  themselves,  and  of  any  bodies 
immersed  in  it,  induce  us  to  believe  ihat  die  particles 
never  touch  one  another,  but  are  kept  scp;U"ate  by  some 
intervening  substance  or  power,  and  that  they  cannot 
come  into  contact,  until  this  be  removed.  We  see  jrom 
the  lastmentioned  property  thiit  no  external  force  can 
bring  them  closer  together.  Yet  \vater  is  extreme!/ 
obedient  to  the  action  of  heat,  by  which  it  immctUatelj 
expands,  and  fills  a  larger  space;  and  it  as  certainly  cco- 
tracts  its  dimensions,  upon  the  diminution  of  heat  or  its 
total  removal.  This  intervening  substance,  thcreftve^ 
which  keeps  the  particles  of  a  fluid  separate  from  adl 
other,  seems  to  be  heat,  or  at  least  to  depend  upon  ibc 
agency  of  heat  for  the  degree  of  its  force. 

7.  Since  a  high  degree  of  cold  lias  been  found  to£x 
mercuiy  into  a  hard  and  miilleable  substance,  it  se^iiiB 
scarcely  to  be  doubted,  but  tl.at  some  degree  of  heal 
is  absolutely  necessary  to  fluitUty:  and  that  it  is  always 
propoilionablc  to  the  degree  of  heat,  according  to  souk 
law,  nliich  is  not  yet  sufficiently  determined  by  expe- 
riments. We  evidently  observe  in  water,  that  undera 
low  degree  of  heal,  it  assumes  the  appearance  of  a  fixed 
bfjdy,  which  is  called  ice,  that  under  a  greater  degree  of 
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heat  it  is  fluid,  and  that  by  a  still  greater,  it  is  converted 
into  a  subtile  and  elastic  vapour.  The  same  is  observable 
ia  other  bodies,  such  as  metals,  namely,  that  they  are  fluid 
with  an  intermediate  heat,  between  what  is  necessary  to 
fixity  and  evaporation  on  the  contrary  extremes.  So  that 
if  it  were  possible  to  exclude  every  degree  of  heat  from 
bodies,  ttiere  would  be  no  such  thing  as  fluidity  in  na- 
ture, but  every  body  would  be  fixed  and  rigid. 

Cor.  From  the  ])roperties  of  fluids  already  enumera- 
ted, we  may  venture  to  deduce  this  definition.  Fluidity 
is  that  state  of  a  body,  in  which  the  attractive  force 
which  unites  the  particles  together  into  one  mass,  or 
community,  is  just  balanced  by  the  repulsive  force,  by 
which  they  recede  from  each  other;  which  repulsive 
force  probably  depends  upon  the  action  of  heat.  While 
this  balance  is  preserved,  water  remains  fluid;  but  when 
the  attractive  prevails  over  the  repulsive  force,  it  is  con- 
verted into  ice;  and  on  the  other  hand,  when  the  repul- 
^ve  power  exceeds  the  attractive,  the  particles  fly  off* 
in  a  very  elastic  vapour. 

By  this  balance  between  the  attractive  and  repulsive 
f(X€e5  of  a  fluid,  we  do  not  mean  a  strict  mathematical 
or  mechanical  equilibrium.  The  word  must  be  taken 
with  some  latitude.  In  some  bodies  we  find  various  de- 
grees of  fluidity,  from  their  first  beginning  to  flow,  till 
they  fly  off*  in  an  elastic  vapour.  This  gradual  increase 
of  fluidity  does  not  proceed  with  regular  advances,  until 
the  particles  of  the  fluid  begin  to  fly  ofi*  in  an  elastic 
vapour.  Water,  for  instance,  seems  to  be  as  fluid  at  fifty 
degrees  of  heat  as  at  an  hundred,  when  it  evaporates 
plentifully,  and  the  repulsive  power  remarkably  predo- 
minates. 

8.  Fluids  yield  to  the  least  uncc|ual  and  partial  pres- 
sure. This  we  find  by  constant  experience,  and  it  must 
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arise  from  the  particles  being  exceedingly  small,  round 
and  smooth,  or  from  their  being  kept  separate  from 
each  other,  by  the  action  of  heat. 

9.  The  weight  of  fluids  being  proportional  to  their 
quantity  of  matter,  as  we  have  already  proved  of  all 
bodies  whatsoever,  from  their  equal  descent  in  vacoo* 
no  particle  can  lose  its  gravity  when  immersed  in^a 
fluid  of  the  same  kind:  or  in  other  words,  all  fluids  gra- 
vitate in  proprio  loco,  or  in  fluids  of  the  same  kind.  As 
the  weight  of  a  bucket  of  water  is  not  felt  by  the  per- 
son who  draws  it  out  of  the  well,  nor  the  weight  of  the 
atmosphere  upon  the  hand,  some  philosophers  have 
rashly  concluded,  that  water  had  no  weight  while  it  was 
in  water.  But  the  reason  why  the  weight  of  the  bucket 
of  water  is  not  perceived,  while  it  is  immersed  in  the 
well,  is  not  because  it  has  no  gravity,  but  because  il  is 
supported  by  the  pressure  upwards,  as  we  shall  pie- 
sendy  see.  The  truth  of  this  proposition  may  be  made 
evident  to  sense.  For  if  a  vessel  which  contains  an 
ounce  of  water,  be  \a eighed  in  water  when  empty  and 
corked  tight,  so  that  no  water  can  enter  it;  and  the  cork 
be  then  pulled  out,  and  the  vessel  filled;  it  will  weigh 
an  ounce  more,  than  when  it  was  empty.  Hence,  the 
water,  w*hich  in  air  weighs  an  ounce,  will  also  weig^ 
the  same  in  water. 

10.  The  pressure  of  fluids  in  all  directions,  upwards 
downwards,  and  laterally  is  the  same,  at  any  given 
depth.  The  uppermost  particle  in  any  column  presses 
upon  the  next  to  it  with  its  whole  weight,  and  is  equally 
pressed  upwards  by  the  reaction  of  the  second.  This  is 
also  the  case  with  every  particle  in  any  column,  tliat  it 
presses  upon  the  next  under  it  with  ;j11  the  weight  of 
the  superincumbent  {^articles,  and  is  rtacted  upon  with 
an. equal  force  in  a  contrary  direction.  And  if  it  were 
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uot  pressed  with  an  equal  force  in  every  other  direc- 
tion, it  would  move  in  the  du^ction  of  the  greatest 
pressure.  This  may  be  confirmed  by  an  experiment. 
Let  a  glass  tube,  hermetically  sealed,  be  immersed  with 
the  open  end  in  water,  the  water  will  rise  in  it  to  heights 
proportionable  to  the  alutudes  of  the  fluid  above  these 
heists,  let  the  figure  of  the  immersed  part  of  the  tube 
be  what  it  will.  If  a  hole  be  made  in  the  side  of  the  ves- 
sely  the  water  spouting  out  of  it  with  the  same  velocity 
in  all  directions,  upwards,  downwards,  and  horizontally, 
show^  that  the  pressure  at  the  given  depth  of  the  hole, 
in  all  directions,  is  equal. 

11.  The  surfiice  of  a  fluid,  that  is  quiescent,  must  be 
smooth  and  regularly  convex,  being  |)art  of  a  sphere  of 
the  same  magnitude  with  the  earth.  Hence  a  vessel  filled 
with  a  fluid  at  the  center  of  the  earth,  would  nin  over, 
through  the  whole  of  its  ascent  to  the  surface;  as  the 
convexity  of  the  surface  of  the  fluid  would  continually 
decrease,  as  the  vessel  receded  fh)m  the  center.  Hence 
also,  the  hulls  of  vessels  at  sea,  disappear,  before  tlie 
sails  and  masts,  when  they  are  receding  from  the  eye; 
as  the  sur&ce  of  the  sea  is  convex.  And  as  the  semi- 
diameter  of  the  earth  is  near  4000  miles,  a  vessel  on  the 
sea  must  recede  from  the  eye  near  two  miles  before  we 
sensibly  lose  sight  of  any  part  of  her;  because  for  that 
distance  the  convex  surface  of  the  sea  nearly  coincides 
with  a  right  line. 

12.  The  pressure  upon  the  bottom  of  a  vessel  is  equal 
to  the  product  of  the  area  of  the  bottom  multiplied  into 
the  perpendicular  altitude  of  the  longest  column  of  the 
fluid:  and  in  two  vessels  of  equal  bottoms,  tlie  pressure 
on  the  bottom,  will  be  proportionable  to  the  perpendi- 
cular altitude  alone. 

The  truth  of  this  proposition  is  evident  at  first  sight, 
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when  the  vessel  is  of  the  same  diameter  from  top  to 
bottom.  For  if  the  fluid  be  supposed  to  be  divided  into 
perpendicular  columns,  the  base  of  each  will  be  pressed 
by  the  weight  of  water  that  it  sustains,  which  weight  is 
proportionable  to  the  area  of  the  bottom  multiplied  by 
the  altitude;  and  as  this  is  equally  true  of  every  columiii 
the  proposition  is  manifest  upon  this  supposition.  But 
when  the  vessel  is  wider  or  narrower  at  the  bottom  than 
at  the  top,  the  matter  is  not  so  plain.  Let  it  first  be<un- 
sidercd  as  wider  at  the  bottom  than  at  the  top,  so  that 
some  of  the  perpendicular  colums  will  be  shorter  than 
others.  The  difficulty,  however,  vanishes  when  we  re- 
flect, that  any  particle  in  the  shorter  column  is  pressed 
equally,  with  a  particle  in  die  longest  column,  at  the 
same  depth  below  the  surface,  and  in  all  directions.  For 
otherwise  the  fluid  could  not  be  quiescent.  The  slant- 
ing side  of  the  vessel  above  the  tops  of  the  shcnrter  co- 
lumns presses  them  downwards  as  much  as  they  would 
have  been  pressed,  had  each  of  them  been  extended  to 
the  same  altitude  with  the  longest.  For  if  a  hole  were 
made  in  the  slanting  side,  and  a  tube  inserted  in  it,  the 
fluid  would  rise  in  the  tube  to  the  altitude  of  the  long- 
est column.  And  when  the  base  is  narrower  than  the 
top  of  the  vessel,  the  slanting  side  of  the  vessel  sustains 
tlic  weight  of  all  the  shorter  columns,  and  the  base  is 
only  pressed  w  ith  the  weight  of  the  longest  columns 
above  it.  The  pressure,  therefore,  upon  the  equal  bases 
of  two  vessels  of  ver}'  difl'erent  capacities  is  proportional 
to  the  altitudes  of  the  longest  columns  of  the  fluid;  and 
when  the  altitudes  are  equal,  the  pressure  upon  the 
bottom  is  the  same. 

Cor.  1.  From  this  property  of  fluids,  it  follows,  that 
any  weight,  how  great  soever,  may  be  counterbalanced 
by  a  small  quantity  of  a  fluid,  by  only  increasing  its 
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perpendicular  altitude.  If  water  be  poured  into  a  per- 
pendicular tube,  inserted  into  the  uppermost  of  two 
circular  boards,  connected  together  with  pliable  leather, 
it  will  counterbalance  any  weight  laid  upon  them,  by 
only  proportioning  the  altitude  of  the  fluid  to  the  weight. 
This  is  called  the  hydrostatic  bellows.  If  a  given  quan- 
tity of  water  in  the  tube  would  counterbalance  ten 
pounds,  the  same  quantity  would  fill  the  tube,  if  its 
diameter  were  ten  times  less,  and  its  altitude  ten  times 
greater,  and  then  it  would  sustain  an  hundred  pounds; 
as  its  pressure  is  now  increased  ten  times  greater  than 
it  was  at  first.  It  might  in  this  manner  be  increased  in 
any  proportion  whatsoever. 

Cor.  2.  The  pressure  upon  the  bottom  of  an  inclined 
cylindrical  vessel  is  equal  to  the  pressure  on  the  bot- 
tom of  a  vessel,  whose  sides  are  perpendicular  to  the 
horizon,  if  the  bottoms  and  perpendicular  altitudes  of 
the  fluids  be  the  same  in  both  vessels.  Because  the 
pressure  of  the  shortest  column  on  the  base  is  equal  to 
the  pressure  of  an  equal  column  whose  altitude  is  the 
perpendicular  altitude  of  the  fluid.  And  therefore  gen- 
endly  the  pressure  on  the  bottoms  of  all  vessels,  what- 
ever  be  their  form,  is  proportional  to  their  bases  and 
perpendicular  heights. 

13.  The  pressure  upon  the  side  of  a  vessel  is  one  half 
fbc  pressure  upon  the  bottom  of  equal  area  with  the 
side.  By  the  10th  proposition,  the  pressure  of  any  par- 
ticle of  the  fluid  is  equal  in  all  directions.  Now  the  late- 
ral pressure  of  any  particle  against  the  side  of  the  ves- 
sel, being  equal  to  its  pressure  downwards,  must  of 
consequence  be  proportional  to  its  depth  below  the  sur- 
&ce  of  the  fluid,  by  the  last  proposition.  This  being 
the  case  with  every  particle  in  contact  with  the  side  of 
the  vessel;  the  pressures  on  the  side  must  increase  from 


I 
I 


nothing  to  the  greatest  pressure  of  the  lowest  particle 
which  is  equal  to  iis  pressure  upon  tht  bottom.  Now 
the  sum  of  all  tliese  pressures  must  be  equal  to  half  of 
tlic  amount  of  tlicm,  had  they  been  all  equuL  to  the 
greatest. 

Suppose  these  pressures  to  be  represented  by  Ac 
terms  of  an  arithmetical  progression,  the  pressure  of 
the  uppermost  particle  wilt  be  0,  as  its  distance  from 
the  surface  is  0.  The  pressure  of  the  second  partidc 
may  be  represented  by  1,  of  the  third  by  2,  and  so  oo 
to  the  bottom.  The  terms  of  the  progression  represent- 
ing the  pressures  of  the  particles  will  be  0+1+2+5+4, 
£ic.  Suppose  the  number  of  particles  in  any  perpendj 
cular  column  to  be  5,  the  sum  of  these  five  terms  is 
equal  to  10.  But  as  the  bottom  is  by  supposition  equal 
to  the  side,  anj'  line  drawn  along  it,  will  also  consist  of 
five  points,  each  of  which  is  pressed  with  a  force  equal 
to  the  greatest  pressure  of  the  perpendicular  colutnn=4. 
Therefore  as  5x4=iiO,  which  is  double  to  10;  any  line 
in  the  side  of  the  vessel  is  pressed  with  a  force  that  is 
equal  to  half  the  force  that  presses  an  equal  line  on  tht 
bottom.  And  as  the  bottom  and  side  are  equal,  one 
contains  as  many  such  lines  as  the  other,  and  the  pm- 
sure  on  the  side  will  be  equal  to  half  the  pressure  on 
the  bottom. 

Now  as  a  cubical  vessel  has  four  sides  and  a  bottom 
all  equal  to  each  other,  and  tlic  pressure  on  one  side  is 
equal  to  half  the  pressure  on  the  bottom,  it  follows,  (hat 
the  pressure  on  all  the  four  sides  is  double  of  the  pre*, 
sure  on  the  bottom  alone,  and  that  tlie  ivhole  pressuit 
on  all  the  sides  and  bottom  is  triple  to  the  pressure  M 
llie  bottom;  and  since  all  the  pressure  is  produced  bj 
the  gravity  of  the  fluid,  and  the  pressure  on  the  bottom 
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B  equal  to  its  gravity,  the  gravity  of  the  fluid  pru- 
s  a  pressure,  three  times  as  great  as  itaclf. 

Cor.  1.  Since  the  pressure  on  any  part  of  the  side  or 
ottom  of  a  vessel  is  equal  to  a  culutnn  of  the  fluid, 
'hose  base  is  the  part  pressed,  and  whose  altitude  is 
le  depth  of  the  pari  pressed,  below  the  surface^of  the 
uid;  it  follows,  that  if  the  area  of  the  part  pressed  be 
;iven,  the  pressure  ivill  be  as  its  depth  below  the  sur- 
»ce;  and  when  the  depth  of  the  part  pressed  is  given, 
lie  pressure  will  be  proporiionabic  to  the  area  of  the 
art.  Thus  a  square  inch  taken  one  foot  below  the  sur- 
»ce  of  the  fluid,  in  the  side  of  the  vessel,  is  pressed 
rilh  only  one  quarter  of  llie  (brce  which  presses  a  square 
nch  four  feet  below  the  surface :  and  any  two  equal 
tortious  of  the  side  of  the  vessel,  taken  at  different 
leptfas,  are  pressed  with  forces  prO]K)rtionai  to  their 
iepths.  But  a  foot  square  in  the  side  is  pressed  with 
.44  times  the  force  that  presses  upon  a  single  inch 
quare,  al  the  same  depth  below  the  surface  of  the 
lidd. 

Cor.  2.  Hence  we  see  the  reason,  why  vessels  de. 
igned  to  contain  a  fluid,  should  be  made  stronger  at 
be  bottom,  than  at  the  top;  as  the  lower  parts  sustain 
1  greater  pressure. 

Cor.  3.  To  find  the  pressure  on  a  milldam;  multiply 
;he  ana  of  the  dam  in  square  feet  by  half  the  depth, 
lod  that  prtxluct  by  62.5  pouuds,  ttie  weight  of  a  cu- 
utiiaot  of  water. 

^^bi:H£  SPECIFIC  GRAVITIES  OF  BODIES 


i-^»E  specific  gravity  of  a  body  is  its  weight  under  a 
pven  bulk,  when  compaicd  with  the  weight  of  an  equal 
'  some  other  bodj-,  which  is  niade  the  common 
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standard.  Uaiu  water  is  commonly  made  the  siandan^ 
and  \vhcn  we  say  that  the  specific  gravity  of  gold  b  19, 
the  meaning  is,  that  any  given  bulk  of  gold  is  nineteen 
times  as  heavy  as  the  same  bulk  of  rain  water.  In  fiikc 
maimer,  when  we  say  that  the  specific  gravity  of  silver 
is  11,  the  meaning  is,  that,  bulk  for  bulk,  or  under 
equal  dimensions,  silver  is  eleven  times  as  heavy  as  nia 
^vater;  and  that  die  weights  of  gold  and  silver,  in  eqtol 
bulks,  are  to  one  another  as  nineteen  to  eleven. 

Hence,  the  weights  of  bodies  of  the  same  magnitude 
are  as  their  specific  gravhiLs.  And  the  weights  of  bo. 
dies  of  the  same  kind,  or  specific  gravity,  are  propor- 
tional to  their  magnitudes.  If  neither  the  magnitudes 
nor  specific  gravities  of  bodies  be  the  same,  ihe  weights 
will  be  as  the  rectangle  of  their  specific  gravities  and 
magnitudes.  Let  \V=ihe  weight  of  a  body,  S=its^ 
cific  gravity,  and  M=ita  magnitude,  then  \V=MS,ind 

o    ^^      _,\.    vv 

S=— and  M=— . 
M  h 

But  in  our  lecture  on  ttic  attraction  of  gravitatioil, 
we  had  W'=MD,  or  the  weight  of  bodies  was  pmfor- 
tional  to  their  magnitudes  and  densities.  Hence  wc  sec 
that  the  specific  gravities  of  different  bodies  are  pro- 
portional to  their  densities.  W=:MS=MD.  •.  and  DsS. 

1.  Ifa  body  be  immersed  in  a  fluid,  the  lateral  pies- 
nun-  of  the  fluid,  on  its  opposite  sides,  is  equal;  mA 
therefore  no  motion,  in  a  horizontal  direction,  can  be 
produced  by  that  pressure.  But  it  is  pressed  upwaidi 
more  than  it  is  pressed  downwards;  and  the  di^renee 
of  these  two  pressures  is  equal  to  the  weight  ofu 
much  of  the  fluid,  as  the  body  has  displaced. 

The  pressure  upwards  is  proportional  to  the  depth  of 
the  lower  side  of  the  body  from  the  surface  of  tlic  fluid, 
which  would  be  just  counterbalanced  by  the  column  df 
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fluid,  reaching  from  the  sur&ce  to  the  same  depth,  and 
of  equal  base  with  the  body;  but  the  pressure  upon  the 
upper  side  of  the  body  is  proportional  to  the  column  of 
the  fluid  above  it;  and  the  difference  between  these  two 
columns,  is  a  quantity  of  the  fluid  equal  in  bulk  to  the 
body.  Therefore,  the  difference  between  the  pressures 
upon  the  upper  and  under  sides  of  a  body,  immersed 
m  a  fluid,  is  equal  to  the  weight  of  as  much  of  the  fluid 
as  the  body  has  displaced. 

2.  A  body  immersed  in  a  fluid,  of  the  same  specific 
gravity  with  itself,  will  rest,  in  any  part  of  the  fluid  in- 
diflferently,  wherever  it  may  happen  to  be  placed. 

As  the  weight  of  the  body  is  the  same  with  the  weight 
of  an  equal  bulk  of  the  fluid,  by  the  supposition,  it  is 
evident,  that  it  presses  downwards  on  the  particks  of 
the  fluid  in  contact  with  its  under  surface,  with  the 
same  force,  that  they  would  have  sustained,  had  the 
solid  been  removed,  and  its  place  occupied  by  an  equal 
bulk  of  the  fluid.  And  therefore  it  cannot  move  in  any 
direction,  there  being  now  no  unequal  pressure  in  any 
direction.  The  superior  pressure  upwards,  above  what 
18  downwards,  is  just  counterbalanced  by  the  weight  of 
the  body,  which  is  equal  to  the  weight  of  the  same  bulk 
of  the  fluid.  The  column,  which  contains  the  solid,  is 
oi  the  same  weight,  with  any  other  adjacent  colunui. 
And  therefore  all  being  of  the  same  weight,  they  must 
mutually  sustain  each  other,  without  any  intestine  mo- 
tion. It  may  indeed  appear  a  difficulty  to  the  young 
philosopher,  to  reconcile  this  proposition  with  the  last, 
and  to  conceive  how  the  immersed  body  should  be  at 
rest,  when  it  is  pressed  upwards  by  the  fluid,  more  than 
it  is  pressed  downwards  by  it.  But  the  answer  is  easy. 
We  must  remember  that  the  body  has  some  weight, 
by  which  it  presses  downwards;  and  that  this  weight 
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when  added  to  the  pressure  of  the  fluid  doivn\vard9,  is 
just  an  txact  cou liter biJlaiice  to  the  pressure  upwards; 
because,  by  the  supposition,  tliis  weight  of  the  body  k 
the  same  with  that  of  an  equal  bulk  of  the  fluid,  and 
this  weight  was,  by  the  last  proposition,  the  difierenoe 
between  the  pressures  upwards  and  downwards.  And 
therefore,  when  the  weight  of  the  body  is  added  to  llie 
pressure  of  the  fluid  downwards,  the  suni  of  the  pres- 
sures downwards  is  just  equal  to  the  pressure  upwards. 
Therefore,  no  motion  can  be  produced  by  these  eqMl 
and  contrarj-  pressures,  in  the  direction  ol"  either;  iw 
can  the  body  move  horizontally,  as  it  is  pressed  cqualljr 
on  the  opposite  sides. 

3.  If  a  body  immersed  in  a  fluid  be  specifically  lift- 
er than  the  fluid,  it  will  rise  in  it,  but  if  specific^ 
heavier,  it  will  sink  to  the  bottom . 

This  proposition  necessarily  follows  from  the  reasoQ* 
ing  in  the  last;  for  if  the  weight  of  the  body,  when  of 
die  same  specific  gravity  with  the  fluid,  must  be  st 
ded  to  the  pressure  of  the  fluid  downwards,  in  order  to 
counterbalnnce  the  pressure  upw;irds;  then  if  this  we^^ 
of  the  body  be  loo  small,  lor  this  purpose,  or  if  the  boc^ 
be  specifically  lighter  than  the  fluid,  there  will  be  a  si- 
perior  pressure  upwards,  and  tlie  body  will  move  in  Hat 
direction,  or  rise  in  the  fluid.  But  if  the  body  be  speci* 
fically  heavier  than  the  fluid,  its  weight,  when  addedto 
the  pressure  of  the  fluid  downwards,  will  be  more  than 
the  pressure  of  the  fluid  up^vards;  and  the  body  moving 
in  tlie  direction  of  the  superior  force,  will  sink  £o  the 
bottom. 

4.  Though  a  body  be  specifically  lighter  than  file 
fluid,  in  which  it  is  immersed,  yet  it  will  not  rise  in  itp 
if  ihe  pressure  upwards  be  any  way  i>reventcd:  nor  mH 
it  sink  beyond  a  certain  depth,  although  specifically 
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,  if  the  pressure  of  the  fluid  do«Tiwards  be  prc- 
Mnted.  If  a  piece  of  a  board  or  [lanc  oC  glass  be  laid 
on  the  bottom  of  a  vessel,  which  it  fits  exactly,  and 
mercury,  which  is  specifically  heavier,  be  poured  upon 
it,  ihe  board  or  pane  of  glass  cannot  be  pressed  up- 
WHrds,  as  there  is  no  pressure  of  the  fluid  under  it;  and 
H  is  kept  down  botli  by  its  own  weight,  and  the  pres- 
sure of  the  fluid  above  it.  The  only  thing  which  buoys 
up  the  solid  is  the  superior  pressure  of  the  fluid  up- 
wards, aiKl  if  this  be  prevented,  tlie  solid  lias  nothing 
in  itself  to  raise  it  in  the  fluid.  There  is  therefore  no 
such  propeny  belonging  to  bodies  as  absolute  levity, 
by  which  they  are  made  to  rise  from  the  center  of  the 
earth,  in  the  siime  manner,  as  they  are  made  to  descend 
towards  it,  by  their  own  gravity.  For  when  bodies  as- 
cend in  fluids,  they  rise  because  they  are  lighter  dian 
die  fluids,  and  not  because  they  have  a  tendency  con- 
trary lo  that  of  gravity.  If  the  board  floated  in  the  mer- 
curj'  by  any  absolute  levity  of  its  own,  it  ought  also  to 
float  in  it  Isy  the  same  proiK:rty,  when  the  pressure  of 
the  mercury  upwards  was  prevented,  as  the  removal  of 
the  mercurj-  could  not  destroy  any  absolute  property  of 
the  solid. 

The  truth  of  the  other  part  of  the  proposition,  viz. 
that  a  body  specifically  heavier  than  the  fluid  will  nov 
sink  beyond  a  given  depth,  if  the  pressure  of  the  fluid 
dowmvards  be  prevented,  will  appear  if  we  reflect,  that 
it  is  acted  upon  by  three  forces,  the  two  pressures,  up. 
wardb  and  downHards,  and  die  weight  of  the  body.  Bui 
if  the  fluid,  which  is  above  the  body,  and  presses  it 
downwards,  %vere  removed,  by  any  contrivance,  there 
would  be  only  two  of  these  forces  left,  the  pressure  up- 
waids  and  the  weight  of  the  body  itself.  Now  if  it  were 
t  so  iar  in  the  fluid,  as  to  make  the  pressure  of  the 


1 


168 

fluid  upwards  just  equal  to  the  weight  of  the  bod;, 
tfiese  two  equal  and  contrary  forces  would  destroy  each 
othcc,  and  the  body  would  be  supported  and  at  rest 
Hence  loaded  vessels  float  in  the  ocean,  when  the  water 
is  prevented  from  pressing  upon  their  upper  surfece, 
but  immediately  sink^  when  they  are  filled  with  die 
water. 

5.  If  a  body  specifically  lighter  than  the  fluid  floM 
upon  it,  so  much  of  the  fluid  will  be  displaced  by  it  u 
is  equal  in  weight  to  the  whole  weight  of  the  body. 
Because  tlien  the  column  of  the  fluid,  which  contains 
[he  solid  will  press  upon  the  bottom,  and  laterally,  wA 
a  force  equal  to  that  of  any  other  adjacent  column;  and 
the  whole  tvill  be  at  rest.  The  upper  part  of  this  column 
is  as  much  pressed  downwards  by  the  weight  of  the 
body  lying  upon  it,  as  if  it  had  been  pressed  by  a  quan- 
tity of  the  fluid  suflicient  to  raise  it  to  the  same  altitude 
with  any  adjacent  column,  and  this  quantity  of  the  fluid, 
Tvhich  was  displaced  by  the  solid,  must  therefore  be  of 
the  same  weight  with  the  solid. 

6.  The  whole  bulk  of  the  solid,  that  floats  upon  i 
fluid,  is  to  the  immersed  part  of  it,  as  the  specific  gra- 
vity of  the  fluid,  to  that  of  the  solid.  The  bulk  of  the 
fluid  that  is  of  the  same  weight  with  ihe  solid,  is  equJl 
to  the  immersed  part  of  the  solid.  We  have  seen  before, 
that  the  weights  of  two  bodies  were  as  the  rectangkt 
of  their  bulks  and  specific  gravities;  therefore,  whenAe 
weights  are  equal,  these  rectangles  arc  also  equal,  hcocC, 
iheir  magnitudes  are  inversely  as  their  specific  grart 
ties;  that  is,  the  magnitude  of  the  solid  is  to  the  magi^ 
tude  of  the  fluid  displaced  by  ii,  or  the  magnitude  of 
the  immersed  part,  as  the  specific  gnivity  of  the  fluid  b 
•o  that  of  the  solid.  W=MS,  and  w=nis;  but  Wssw, 


Hence  tht:  ivciglit  of  the  part  of  the  sr>lid  which  floats 
above  the  surface  of  the  fluid,  is  wlmt  the  immersed 
pan  \rdnts,  to  make  it  of  the  same  specific  gravity  widi 
the  fluid.  For  if  it  were  removed,  and  its  weight  added 
lo  that  of  the  immersed  part,  it  is  evident,  that  the  im- 
mepied  part  would  press  upon  the  fluid  just  as  much  as 
ihe  fluid  presses  upwards,  and  therefore  they  must,  on 
thai  stipposition,  be  of  the  same  specific  gravity.  The 
difference  dicrefore  of  their  specific  gravities  is  die 
wcij^ht  of  the  part,  that  is  immersed,  and  floats  above 
the  fluid. 

7.  If  a  body  be  made  to  float  in  two  fluids,  each 
specifically  heavier  than  itself,  the  quantities  of  the 
fluids  that  it  displaces,  or  Mliich  is  the  same  thing,  the 
parts  of  the  body  immersed,  will  be  to  each  other  as 
the  specific  gravities  of  the  fluids  inversely. 

Here  the  weights  of  the  two  fluids  displaced  are  the 
same,  as  being  e<juai  to  the  weight  of  the  solid;  but 
Uiese  weights  are  proportionable  to  the  rectangles  of  the 
magnitude  or  bulk,  and  their  specific  gravities;  there- 
lore  these  rectangles  are  equal:  hence,  the  magnitudes 
or  bulks  of  die  quantities  of  the  fluids  displaced,  or  the 
parts  of  the  solid  immersed,  are  inversely  as  the  specific 
gravities  of  the  fluids.  For  if  W,M.S  and  vv,m,3,  repre- 
sent  the  weight,  magnitude,  and  specific  gravities  of 
the  Wo  fluids  respectively;  we  shall  have  W=MS,  and 
w=ms,  but  W=w,  therefore  MS=m8,  therefore  M:  m 
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that  is,  the  bulk  of  one  fluid  displaced 


by  the  solid,  or  the  parts  immersed  in  one  fluid  are  to 
the  bulk  of  the  other  fluid  displaced,  or  die  parts  of  the 
Y 
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solid  immersed  in  it,  inversely  as  their  specific  gravi- 
ties. 

Upon  this  principle  depends  the  method  of  tiyii^ 
the  strength  of  various  liquors  by  the  hydrometer.  Their 
strength  bein«ic  inversely  as  their  specific  gravities^  it 
must  be  direcdy  as  the  depths,  that  any  body  will  sink 
in  the  fluid.  The  hvdrometer  is  constructed  with  a  hoi- 
low  ball  and  a  slender  stem,  with  a  weight  screwed  upon 
the  bottom,  that  when  it  swims  in  any  fluid  lighter  than 
water,  it  may  sink  to  a  certain  depth,  keeping  the  stem 
perpendicularly  upwards,  which  by  the  graduations  on 
it,  indicates  the  specific  gravities  of  the  fluid  in  whkh 
it  swims.  For  the  part  of  the  stem  that  sinks  is  so  much 
greater,  as  the  fluid  is  lighter  or  stronger.  If  it  be  made 
to  sink  to  the  middle  of  the  stem  in  proof  spirits,  wtuch 
are  one  half  water,  and  the  other  half  alcohol,  ot  aidcnC 
spirits,  such  as  being  set  on  fire  would  leave  gunpow- 
der dry  at  the  bottom,  its  sinking  to  a  less  or  greater 
depth,  will  show  by  its  graduations,  how  much  anj 
spirit  is  lielow  or  above  proof. 

8.  Bodies  specifically  heavier  than  tlie  fluid,  in  wUch 
they  are  immersed,  lose  so  much  of  their  weight,  as  is 
equal  to  the  weight  of  an  equal  bulk  of  the  fluid.  Tint 
is,  because  a  cubic  foot  of  water  weighs  1000  oiuioes, 
or  62.5  pounds,  if  a  cubic  foot  of  lead  or  iron  be  im- 
mersed in  water,  it  will  lose  10()0  ounces  of  its  weight, 
and  sink  down  to  the  bottom  by  the  remainder  of  its 
weight,  and  press  upon  it  only  witli  that  remainder  or 
the  hand  that  holds  it  suspended  in  the  water  will  ooljr 
feel  this  residue  of  weight,  which  is  the  diflS^rence  of 
their  specific  gravities.  The  reason  is  plain  from  what 
we  have  proved  before;  that  if  the  solid  were  of  the  same 
specific  gravity  with  the  fluid,  it  would  be  supported 
by  it,  and  rest  indiflferendy  any  where  in  it;  so  that  it 


would  appear  to  huvt:  no  ucig-ht,  or  to  have  lost  ait  its 
weight,  iihich  w;ia  that  of  an  equal  bulk  of  the  fluid. 
But  if  the  solid  be  supposed  heavier  than  the  fluid,  this 
excess  of  weif<hi  having  nodiing  to  support  it,  must 
carrj-  it  to  the  bottom,  and  be  the  only  thing  Uiat  is  felt. 
K\-erj-  Ijody  endeavours  to  descend  in  a  fluid  by  its 
whtrfe  Height;  but  by  Prop.  1.  it  is  t-uppoited  bj'  a  force, 
equi^-alent  to  die  weight  of  an  equal  bulk  of  the  fluid; 
and  &ince  these  iho  lorces  act  in  eontmry  directions, 
the  weight  which  die  body  retains  is  the  diflerence  be- 
tween them.  Therefore  it  loses  the  \veight  of  an  equal 
bulk  of  the  fluid.  But  this  weight  is  no  odierwise  lost, 
than  as  it  is  sustained  by  the  action  of  a  contrary  force. 
It  is  for  diis  reason  that  we  do  not  perceive  the  weight 
of  a  bucket  of  (vater  while  it  is  in  the  water;  not  because 
tlie  weight  is  destroyed,  but  because  it  is  supported  by 
the  contrary  pressure  of  the  water  upwards;  not  because 

^—luids  do  not  gi'avitate  in  fluids  of  the  siunc  spcciflc  gra- 

^Kte;  but  because  there  is  an  equal  pressure  contrary  to 

^HBK  direction  of  gravity. 

^r^  In  the  same  sense  too,  we  say  tliat  bodies  specifically 
tighter  than  a  fluid,  lose  as  much  wciglit,  as  is  equal  to 
the  weight  of  an  equal  bulk  of  the  fluid,  which  is  more 
ihiin  what  they  have;  when  we  only  mean,  that  they  are 
prettscd  upwards  with  a  force,  that  is  equal  to  the  dif- 
ference of  their  speciflc  gravities.  Thus  a  cubic  foot  of 
cork  which  weighs  only  240  ounces  in  air,  is  said  to 
lose  1000  ounces  in  water;  by  which  we  mean,  that  it 
is  pressed  upwards  with  a  force  equal  to  760  ounces. 
So  that  in  this  sense  the  proposition  holds  true  » ith 
respect  to  all  bodies,  whether  they  be  heavier  or  lighter 
than  the  fluid;  that  they  lose  a  weight,  equal  to  that  of 
the  sami   l>alk  of  iht-  fluid. 

I         9.  The  weight  which  in  lost  by  a  body  in  a  fluid  is 
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communicated  to  the  fluid.  If  the  solid  be  of  the  mat 
specific  gravity  with  the  fluid,  it  loses  its  xvhole  wd^ 
when  immers<;d  ir>  it;  but  if  the  uholc  fluid  and  solid 
l)t  M'cighcd  together,  they  will  weigh  as  much  as  when 
taken  separately.  Therefore  the  weight  lost  by  the  sofid 
is,  in  this  case,  communicated  to  the  fluid.  But  if  dv 
solid  be  heavier  than  the  fluid,  and  suspended  byi 
string,  and  thus  dipped  in  a  fluid,  placed  in  the  scale  of 
a  balance,  the  fluid  will  be  found  to  have  gained  ulltht 
weight  of  the  body,  that  is  not  supported  by  the  string; 
that  is,  all  that  the  body  has  lost;  because  it  is  suppoit* 
t'd  by  the  pressuix:  of  the  fluid  upwards;  and  as  actien 
and  reaction  arc  equal  and  contrary,  as  much  wcightat 
the  water  takes  ofl*  by  its  pressure,  just  so  much  doo 
the  body  add  to  the  water  by  ilb  reaction.  And  the  fluid 
will  be  found  to  weigh  as  much  more,  while  the  solid 
is  suspended  in  it,  than  without  it,  as  if  a  quantit)rof 
the  fluid  equal  in  bulk  to  the  solid,  had  been  pouifd 
into  it,  instead  of  the  solid. 

10.  The  weights  which  different  bodies  lose,  in  ^ 
same  fluid,  are  proportional  to  their  bulks.  For  thqr  aB 
lose  the  weight  of  the  fluid,  which  they  sevcndly  di»- 
placc;  and  these  weights  are  proportional  to  the  quanti- 
ties of  the  fluid  displaced,  or  the  bulks  of  the  bodies 
immersed.  A  cubic  foot  of  lead  displaces  a  thousand 
ounces  of  water,  or  loses  a  thousand  ounces  of  its 
weight,  when  immersed  in  water;  and  another  bodv  of 
twice  the  bulk  displaces  twice  the  quantity  of  water, 
and  therefore  loses  2000  ounces  of  its  weight.  So  tlilt 
the  weights,  which  different  bodies  lose  in  the  sane 
fluid,  are  proportional  to  their  bulks. 

From  hence  we  may  easily  deduce  a  rule,  for  find* 
ing  the  bulk  of  any  irregular  body,  which  cannot  bf 
measured  by  the  common  rules  of  geometry. 
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Weigh  it  first  in  air  aiid  then  in  water,  and  find  how 
much  of  its  weight  it  loses  in  water;  then,  since  a  cubic 
ibot  loses  1000  ounces  in  water,  say  as  1000  oz.:  1  foot 
: :  the  weight  the  irregular  body  loses  in  water :  its  bulk; 
because  the  weights  lost  are  proportional  to  their  bulks. 
From  this  proposition,  we  see  the  reason,  why  a  piece 
of  gold,  hanging  in  equilibrio,  with  a  piece  of  copper, 
at  the  ends  of  a  nice  balance,  in  the  open  air,  will  in 
water  preponderate  against  the  copper,  and  appear  hea- 
vier; because  the  gold  being  of  less  bulk  than  the  cop- 
per, loses  less  of  its  weight  in  water,  than  the  copper 
loses.  For  under  water,  each  of  them  loses  as  much 
weight  as  the  water  can  sustain,  that  is,  in  proportion 
to  their  bulks. 

And  as  air  is  a  fluid,  as  well  as  water,  but  of  less 
specific  gravity,  this  proposition  holds  universally  true; 
that  bodies  which  are  in  equilibrio  in  a  lighter  fluid,  will 
lose  their  equilibrium  in  a  denser  fluid,  the  lesser  body 
becoming  heavier  than  the  other.  But  if  the  equilibrium 
be  made  in  the  denser  fluid,  the  greater  body  will  pre- 
ponderate in  the  lighter  fluid.  Upon  this  principle  we 
account  for  the  operation  of  the  baroscope^  or  a  simple 
instrument,  for  ascertaining  the  difierent  density  of  the 
ur,  at  difierent  times.  Let  a  piece  of  cork  and  any  heavy 
metal  be  suspended  at  the  ends  of  a  nice  balance,  iii 
equilibrio,  in  a  mean  state  of  the  air.  Then  if  the  den- 
sity of  the  air  increase,  the  lesser  body  will  preponde- 
rate, but  if  it  decrease,  the  larger  body  will  preponde- 
rate:  for  this  is  the  same,  as  weighing  them  in  difierent 
fluids. 

1 1 .  The  weight,  which  a  body  loses  in  a  fluid,  is  to 
its  whole  weight,  as  the  specific  gravity  of  the  fluid  is 
to  that  of  the  body.  Because  the  weight,  which  the  body 
loses  in  the  fluid,  is  the  weight  of  the  fluid  equal  in  bulk 
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with  the  solid;  therefore  the  weight  lost  is  to  the  wbofe 
weight  of  the  bodj',  as  the  weight  of  so  much  of  Hit 
fluid  lIs  is  equni  iu  bulk  with  the  solid  is  to  the  wei^ 
of  the  solid;  that  is,  as  the  specific  gravity  of  the  fluid, 
to  the  specific  gravity  of  the  solid.  For  their  specific 
gravities  are  the  weights  of  equal  bulks  of  both.  Thus, 
if  19  ounces  of  gold,  when  weighed  in  air,  weigh  onJj" 
18  in  water,  losing  thereby  one;  the  specific  gravity  of 
water  to  that  of  gold,  is  as  one  to  niuetecu.  And  if  11 
ounceb  of  silver,  weighed  in  air,  weigh  only  10  in  wa- 
ter, losing  one  ounce  of  its  weight;  then  as  otk:  u  to 
eleven,  so  is  the  specific  gravity  of  water  to  tliat  of  rit- 
ver.  Now,  as  rain  water  is  commonly  made  the  stan- 
dard for  comparing  the  specific  gravities  of  bodies,  m 
may  call  any  quantity  of  it  l(XX),  or  1.  as  a  cubic  ftW 
of  it  weighs  1000  ounces  avoirdupois;  and  then  say,as 
the  difference  between  the  weight  of  any  body  in  W 
and  water,  is  to  its  weight  in  air;  so  is  1000,  or  1.  to  the 
specific  gravity  of  the  body.  Thus  we  may  compMt 
'he  specific  gravities  of  any  number  of  bodies,  that  wiB 
sink  in  water,  with  water,  and  dispose  them  in  a  taUe, 
making  1.  the  weight  of  the  water,  with  which  they 
are  compared. 

But  there  is  some  difficulty  in  finding  how  much 
weight  is  lost  by  a  body  which  is  specifically  lighter 
than  water,  and  consequently  will  not  sink  in  it.  This 
may  be  overcome  by  the  following  contrivance.  I  haK 
a  piece  of  cop|)er,  which  weighs  45  grains  in  air,  aod 
only  40  in  water,  and  J  desire  to  find  how  many  grains 
a  piece  of  cork,  which  weighs  12  grains  in  air,  wonld 
lose  in  water.  I  tie  them  together  by  a  horse  hair,  which 
is  nearly  of  the  same  specific  gravity  with  water,  and  oo 
trial,  I  find  that  the  compound  of  ."i?  grains  weight  in 
air  loses  55  grains  in  water,  of  which  5  are  tost  by  ^ 
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kI  consequently  fifty  are  considered  as  lost  by 
Therelbrc,  I  -ay,  as  50  :  12  :  :  1  :  0.24=the 

(avily  of  cork,  compared  with  water. 

milar  contrivance  we  find  the  specific  gravities 
that  would  dissolve  in  water,  by  only  casing 

b  some  subst:mce  whose  specific  gravity  is 

bd  will  not  dissolve  in  water,  such  as  melted 

find  the  specific  gravities  of  diflerent  fluids, 
ie  following  proposition. 

f  weight,  which  the  same  body  loses,  when 

I  different  Auids,  is  proportional  to  the  specific 

fthesc. fluids, 

■  the  weight,  which  a  body  loses,  in  a  Huid, 
the  weight  of  an  equal  bulk  of  tlie  fluid;  so 

mity  of  each  fluid,  equal  in  bulk  widi  the 

gh»  w  hat  the  solid  has  lost  in  each  respec- 
since  the  specific  gravities  of  equal  bulks  of 

lids  are  as  their  weights,  or  as  the  weights 

:  solid,  when  weighed  in  each  respectively, 
Ights  must  represent  their  respective  sjKcific 

that  is,  as  the  weight  lost  in  one  fluid  is  to  its 
lavity,  so  is  the  weight  tost  in  the  other  to  its 
gravity.  W=MS,  and  if  M  is  given  W=S. 
(pie,  a  certain  quantity  of  lead,  when  neighed 
toses  50  grains  of  its  weight,  and  when  weighed 
itified  spirits  of  wina,  it  loses  only  43;  ihere- 
(ulk  of  water  equal  to  the  bulk  of  the  lead, 
ID  grains,  and  tlie  same  bulk  of  spirits  weighs 
Therefore,  as  50  :  43  :  :  1000=spccific  gra- 

:-r :  0.86,  the  specific  gravity  of  the  spirits. 
biy  the  two  last  propositions,  may  the  specific 
of  bodies,  whether  hard  or  fluid,  be  deter- 
id  be  disposed  in  a  proper  table,  making  that 
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of  rain  water  the  common  standard.  And  since  a  cubic 
foot  of  water  weighs  1000  avoirdupois  ounces;  if  the 
specific  gravity  of  water  be  called  1000,  the  specific 
gravities  of  every  other  body,  in  the  table,  will  show 
the  weight  of  a  cubic  foot  of  each,  in  avoirdupois  ounces. 
Hence,  if  the  number  of  cubic  feet  in  any  body  be 
known,  and  this  number  be  multiplied  by  the  weight 
of  one  foot,  or  by  its  specific  gravity,  the  product  will 
be  its  weight  in  ounces.  Because  W=MS.  M,  repre- 
senting its  bulk  in  cubic  feet. 

The  advantages,  arising  from  these  principles  of  hy- 
drostatical  knowledge,  are  great  and  extensive  to  gold- 
smiths, jewellers,  chemists,  apothecaries,  physicians, 
and  indeed  to  every  class  and  description  of  men;  as 
will  evidently  appear  by  a  few  examples. 

The  adulteration  of  metals,  which  every  man  in  a 
community  is  concerned  to  prevent,  is  quickly  detected 
by  their  specific  gravities.  Suppose  you  had  a  com- 
pound of  gold  and  silver  weighing  30  ounces=:a,  whose 
specific  gravity  was  to  that  of  water  as  15  to  ones6; 
and  knowing  that  the  specific  gravity  of  gold  to  wattr 
is  19  to  1=8,  and  that  of  silver  to  water  as  11  to  IssS) 
the  adulteration  of  the  gold  would  be  evident,  at  first 
sight,  from  the  want  of  a  sufficient  specific  gravity;  and 
the  quantity  of  gold  in  the  compound  may  soon  fac 
found  in  the  following  manner. 

Let  a=:tlie  weight  of  tlie  compound=30  oz. 

And  x=the  quantity  of  gold  sought. 

Then  a — xs=the  quantity  of  silver  in  the  compound* 

Now,  because  the  weight  of  a  body  divided  by  its 
specific  gravity  is  equal  its  bulk, 

-=:the  bulk  of  the  compound;  and  for  the  same  reason 

6 
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g=the  biilk  of  die  gold,  and  ,         ,.,7 

'  — ^=ilie  bulk  of  silver.  And  because  the  bulk  of 

the  compound  is  equal  to  the  sum  of  the  bulks  of  the 

gold  and  silver,  we  have  ^=^+;ilI^,  which  reduced, 
6    S       s  ' 

gives  

SxG— s    30x19x4 
x=:ax-— ;== — ~ — __= 
bxss       15x8 

compound.  Hence  this 


19  ounces  of  gold  in  the 


Multiply  the  specific  gravity  of  the  heavier  ingre- 
dient, by  the  difference  of  the  siKcific  gravities  of  the 
compound  and  lighter  ingredient,  and  divide  the  pro- 
duct  by  the  rectangle  of  the  specific  gravity  of  the  com- 
pound, and  the  difference  lietwcen  ihe  specific  gravities 
oi'lhe  two  ingredients;  and  the  quotient,  multiplied  by 
ibe  tveight  of  the  compound,  will  be  the  weight  of  the 
heavier  ingredient. 

In  the  same  manner.  We  may  discover  the  adultera. 
lion  of  any  composition  whatsoever,  the  purity  and 
goodness  of  medicines,  and  the  difference  between 
stones  and  ores  of  any  kind,  and  between  genuine  and 
laclitious  gems  and  precious  stones:  as  the  specific  gra- 
vities of  the  adulterated  and  counterfeit  compositions 
will  always  differ  from  those  of  the  genuine. 

The  rule  delivered  above  is  accurate  only  when  the 
two  bodies  are  mixed  together  by  apposition  of  their 
particles,  without  any  diminution  or  increase  of  their 
bulks.  For  some  bodies  seem  to  penetrate  each  other's 
pores,  when  mixed.  Thus,  if  gold  be  mixed  with  lead, 
Z 


I 
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zinc  or  bismuth;  silver  with  :fin,  quickttlver,  zinc  or 
bismuth;  copper  with  tin,  iron,  or  zinc;  lead  with  zinc 
Or  bismuth;  or  wax  with  ox  tollow;  therbulk  of  the 
Qpmpound  is  less  than  what  it  ought  to  be»  by  adSag 
the  bulk  of  one  to  diat  of  the  bfttCT. 

On  the  other  hand,  the  jKires  of  s»me  txidiaanq^ 
larged  by  the  mixture.  Thus,  iron  mixed  wilfa  kadi 
tin,  regulus  of  antimony,  zinc,  or  bismulfa;  and  nidr- 
cury  with  tin^  lead,  zinc,  or  Msmuth^  are  increased  is 
bulk  in  a  greater  proportion,  than  what  shouU  arke 
from  the  addition  of  their  bulks^ 


<     .  / 
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Me  aftfietific  grmilie*  tff  different  bodiets  the  thermometer  a 
iO»,  and  barometer  at  39, S  inehet. 
Rain  water        .-...]  .ooq 

Bee*  wax  well  refined          -          ■  l.ooo 

Salt  water  of  the  tea        -        -        •  ]  .6S0 

Aqua  fbitis 1.300         ' 

Atjuarcgia          ....  1.344 

Oil  of  lintseed        ....  .942 

Oil  of  sassafras          ....  \,q^3 

Alcohol .743 

Spirit  of  wine          ....  .a76 

Oporto  wine         ....  .993 

CanarjwinB 1.043 

Vinegar  distilled       -         -        -        -  ION 

Cow's  milk        -          -          ...  1.040 

Goat's  milk        -        -        .        .        .  |.oo9 

Mercury  Stilled          ...  14.000 

Sal  gem 3.U3 

Allum        •        -        •        •        .        -1.714 

Nitre 1.900 

Amber        ......  i.oso 

Sulphur 1.800 

Diamond          .....  3.400 

Agate 2,S  12 

Hock  chrystal          ....  2,659 

Iceland  chrystal           ...  3.7S0 

Asbestos S.94S 

Chalk 2.470 

Talc 3.654 

fine  gold           ....  19.640 

British  standard  gold       -        -        .  IS. 886 

Platina  from  the  mine         -        -        -  16,993 

Select  pieces  of  platina          -          -  37.900 

Plaiina  cupelled  with  lead        •        -  19.340 

Fine  silver 11.091 

British  standard  silver          -          -  lO.sSs 

Pure  lead 11.33J 

Copper 9.000 

Iron -  8.000 

Steel 7.r04 

Tin 7.400 

IJgnum  vit«        .....    i.ssy 

Cork         ...          .         ,        ,  ,240 

Lignum  guiacum        ....  1.33? 
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ELASTIC  FLUIDS. 


Hitherto,  we  have  explained  the  nature  and  pro- 
perties of  incompressible  and  unelasdc  fluids,  in  a  state 
of  rest.  But  there  are  other  fluids,  which  are  clastic  and 
compressible,  such  as  the  air,  in  which  we  breathe;  and 
water,  when  heated  to  such  a  degree,  ad  is  suflBicient  to 
convert  it  into  vapour,  which  is  then  found  to  be  ex- 
tremely elastic. 

We  must  endeavour  to  explain  the  gehend  proper- 
ties  of  this  kind  of  fluids,  before  we  shall  be  able  to 
understand  the  laws  of  their  motions,  or  of  bodies 
moving  through  them.  As  we  always  find  a  sufficient 
quantity  of  air  in  an  elastic  state,  the  branch  of  natural 
philosophy,  which  explains  the  nature  and  properdes  of 
air,  is  called  pneumatics^  as  being  the  principal  elastic 
fluid,  with  which  we  are  acquainted.  It  may  not,  how- 
ever, be  improperly  considered  under  the  head  of  hy- 
drostatics; especially  when  we  reflect  that  it,  as  well  as 
water,  is  sometimes  found  in  a  fixed,  as  well  as  in  an  elas- 
tic state.  Whether  ever  it  be  found  in  that  intermediate 
state,  in  which  it  can  be  no  ferther  compressed,  we 
cannot  say  widi  absolute  certainty.  Yet  we  know,  that 
it  may  be  so  far  compressed  in  a  syringe  closed  at  the 
end,  that  no  force,  with  which  we  are  yet  acquainted, 
can  urge  the  piston  down  to  the  bottom  of  the  syringe. 

It  is  often  found  in  a  fixed  and  unelastic  state  in  the 
composition  of  natural  bodies;  as  is  evident  firom  the 
great  quantities  that  are  disengaged  by  distillation,  fcr- 
mentation,  putrefaction,  explosions  of  gunpowder,  and 
chemical  solutions  and  mixtures.  Half  a  drachm  of  the 
oil  of  carroway  seed,  poured  upon  a  drachm  of  the 
compound  spirit  of  nitre,  produces  such  a  quantity  of 
air,  as  is  sufficient  to  blow  up  an  exhausted  receiver. 


tt-ith  a  force  equal  to  400  pounds,  A  strong  acid  poured 
upon  chalk,  di;,fng;i[res  a  great  quantity  of  air,  which 
before  remained  fixed  and  unelastic  in  the  chalk.  A 
cubic  inch  of  pease,  by  distillation,  yielded  396  iiiches 
*f  clastic  ain  of  coarse  sugar  126;  of  Newcastle  coal 
360  inches;  and  other  substances  yielded  other  quanli- 
des.* 

Timt  the  irir  is  unelastic  in  its  fixed  state,  appears 
^m  this,  that  a  cubic  inch  of  oak  by  distillation  pro- 
inced  216  inches  of  elastic  air,  which  is  one  fourth  of 
the  weiglit  of  the  oak;  and  this  quantity  of  air  could 
not  be  compressed  into  the  sjiace  of  one  inch  by  a  force 
less  than  19440  pounds;  and  would  require  a  stil! 
greater  force  to  reduce  it  to  the  size  of  one  quarter  of 
an  inch.  Now  thi'i  force  exerted  upon  every  cubic  inch 
in  a  tree,  is  more  than  sufficient  to  rend  it  in  pieces. 
The  air,  therefore,  in  a  tree,  must  be  in  an  unelastic 
state. 

By  what  secret  operation  of  nature  tiie  air  is  thus 
dcpri>'cd  of  its  elasticity,  we  have  not  yet  sufficient  ex- 
periments to  determine.  We  kno\v  that  some  bodies 
absorb  it  in  very  considerable  quantities,  A  brimstone 
match  has  been  found  to  absorb  one  fourth  of  the  air 
in  which  it  burned,  while  a  tallow  candle  consumed  but 
one  deventh  part,  and  a  rat,  one  thirteenth  part  of  the 
air  in  which  it  breathed.  Thus  the  operation  of  heat 
seems  to  fix  the  air  in  some  bodies,  while  the  heat  of 
fermenUtion  disengages  it  from  othcrs.f  While  the 


*  Thcte,  and  all  other  factitious  and  permuientl)'  clasiiv  ain, 
ue,  by  nnnlem  chemists,  termed  gatet;  and  arc  considered  as 
uUiStltocm  parts  of  the  bodies  from  which  they  are  eKtmcted. 

i  Atmospheric  air  is  now  well  known  lo  consist  of  two  pism, 
in  modem  chetnistry  termed  orygrn  gai  ond  nitrogen  get.  or 
azotr,  with  a  very  small  pnrtion  nf  a  third  termeft  rnyh-inic  ariif 


clastic  lapour  of  water  may  again  be  reduced  to  an  in- 
compressible state  by  u.  small  degree  of  cold,  and  by  a 
still  greater  degree  of  cold,  may  be  congealed  into  ice; 
air  seems  incongealable  by  any  degree  of  cold  whatso- 
ever. Although  iiir  may  be  much  affected  widi  heat  and 
cold,  as  we  shall  sec  presently,  yet  ue  know  of  no  de- 
gree of  cold,  that  can  fix  it  into  a  solid  body;  and  in 
tlus,  it  differs  from  every  other  elastic  fluid,  that  wc 
know,  which,  by  a  proper  degree  of  cold,  may  be  re. 
duced  to  the  incompressible  fluid,  from  whence  it  was 
produced,  or  even  to  a  fixed  and  permanent  state. 

After  having  made  these  observations,  we  shall  pio- 
Ceed  to  consider  the  properties  of  an  elastic  fluid,  which 
agree  with,  or  distinguish  it  from,  any  oilier  fluid,  and 
which  are  such  as  these. 

I.  The  particles  of  an  clastic  fluid,  when  compressed 
equally  in  every  direction,  cannot  be  at  rest,  unless 
they  be  all  at  equal  distances  from  each  other. 

If  the  particles  be  nearer  to  each  other  in  auj'  one  port 
of  llie  fluid,  than  in  another,  they  will  be  repelled  moet 
on  tliat  side,  where  the  distances  between  them  arc  the 
least;  and  consequendy  the  particles  which  are  farthest 
apart  Mill  move  closer  together,  until  they  are  all  placed 
at  equal  distances  from  each  other,  and  are  equally 
pressed  on  every  side,  v\hen  there  can  be  no  more  mo- 
tion among  them.  This  will  make  the  density  of  the 
fluid  die  same  in  every  part,  as  there  will  not  be  a 
greater  number  of  particles  squeezed  together  in  aoj 
one  part  of  the  fluid,  into  a  given  space,  tlian  in  any 
other  part  of  the  fluid. 

i'us,  all  imimati:]}'  united  together.  Tlie  burning  of  a  candlciOi 
any  other  inAummnble  body,  or  the  rcspitMiioii  oraii  autintl^ 
sorba  the  oxygen  gas,  and  renders  the  rcsiduuni  unfit  either  fcr 
the  Mippoi-t  ol  flame  or  oS  animnl  lift. 
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2.  The  elasticity  or  spring  of  a  compressible  fluid, 
vhereby  it  endeavours  to  expand  itself,  is  equal  to  the 
force  by  which  it  is  compressed. 

If  it  were  either  greater  or  less,  the  paiticles  of  the 
fluid  would  be  placed  either  at  a  greater  or  less  distance 
from  each  other.  So  diat  when  any  force  has  compres- 
sed an  elastic  fluid,  so  as  neither  to  condense  it  more, 
DOT  to  suflfer  it  to  expand  more  than  a  certain  quantity, 
dits  compressing  force  is  neither  more  nor  less  than  its 
elasticity. 

3.  An  elastic  fluid,  when  equally  compressed  in  all 
firections,  presses  in  all  directions  with  an  equal  force. 

Thb  has  been  proved  before  with  reelect  to  all  fluids, 
dat  are  incompressiUe;  and  a  compressible  fluid,  which 
is  pressed  with  a  certain  force,  which  is  in  equilibrio 
with  its  elasticity,  is  in  the  same  situation  for  that  time 
with  a  fluid  that  is  incompressible,  and  therefore  must 
be  subject  to  the  same  laws.  Therefore  all  fluids,  whe- 
dier  compressible  or  incompressible,  elastic  or  nonelas- 
tic,  press  equally  in  all  directions.  This  is  the  reason 
of  the  spherical  figure  of  a  glass  when  blonn  at  the  fur- 
nace, while  the  glass  is  soft;  and  of  the  same  figure  ot 
a  bloivn  bladder,  which  is  equally  strong  on  all  sides. 

4.  The  density  of  an  elastic  fluid,  whose  particles 
repel  each  other,  with  a  force,  that  is  inversely  propcx*- 
tional  to  their  distances,  is  proportional  to  the  compres- 
sing  force.  The  density  of  any  body  depends  upon  the 
number  of  particles  crowded  into  the  same  space,  and 
is  proportional  to  that  number;  but  as  the  number  of 
particles,  in  any  line,  is  inversely  as  the  distance  of  one 
fitnn  another,  and  in  a  superficies,  is  inversely  as  the 
square  of  the  said  distance,  and  in  a  solidi  inversely  as 
the  cube  of  the  said  distance  of  the  particles  finom  each 
other,  it  foUoii's,  that  the  density  of  any  body,  being  as 


tlje  number  of  particles  in  that  body,  must  be  in" 
as  the  cube  ol"  the  distance  of  the  paruclch  Jrum 
other.  But  the  compressing  force  must  also  be  eqtialD 
the  number  of  the  particles,  because  it  must  beacooo- 
terbalance  to  the  repulsive  force  of  all  together,  as  it 
does  not  barely  bring  a  few  particles  nearer  together, 
and  leave  others  at  their  former  distance,  but  squeezn 
them  all  equally  near  to  eacli  other.  Now  the  repulsive 
force  of  all  the  particles,  must  be  in  proportion  to  ihdf 
number,  which  number  is  proportional  to  the  ciibeof 
the  distance  between  any  two  particles,  inveraely;  bt- 
cause  by  the  supposition  the  repulsive  force  of  any  two 
particles  is  inversely  as  their  distance.  Thereforv  the 
compressing  force  which  is  a  counterbalance  to  the  re- 
pulsive force  of  the  whole,  must  be  inversely  proper- 
tional  to  the  cube  of  the  distance  of  any  two  pariicfcs. 
But  we  before  proved  that  the  density  of  the  fluid  was 
in  the  same  inverse  proportion  to  the  cube  of  the  dis- 
tance of  any  two  particles;  therefore  the  density  of » 
compressible  fiuid,  whose  particles  repel  each  other 
with  a  force  that  is  inversely  as  their  distances,  is  pro- 
portional to  the  compressing  force. 

Hence,  a  double  compressing  force  produces  a  douMc 
density  in  the  air,  or  any  other  elastic  and  com{«es- 
sible  fluid,  and  a  triple  compressing  force  produces  » 
triple  density. 

Cor.  The  space,  which  a  given  quantity  of  air  fiQa. 
is  inversely  proportional  to  the  compressing  force.  B^ 
cause  its  density,  which  is  proportional  to  the  comprct- 
sing  force,  is  inversely  as  its  bulk,  diat  is,  invers^as 
the  space,  which  it  fills. 

5.  The  air  has  gravity  sufficient  to  sustain  the  mer- 
cury in  the  barometer,  from  28  to  31  inches  high.  Thai 
the  air  has  weight,  is  abundandy  evident  from  a 
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sand  experiments  that  are  nuule  with  the  air  pump, 
some  of  which  we  shall  presently  mention;  but  what 
seems  the  most  convincing,  is  the  actual  weighing  of 
it  in  a  balance;  by  which  it  appears,  that  a  vessel,  when 
full  of  air,  weighs  more,  than  when  the  air  is  removed. 
A  gallon  of  air  weighs  nearly  a  drachm.  The  weight  of 
the  air  may  be  very  sensibly  felt  by  the  hand,  on  the 
end  of  an  exhausted  receiver.  It  is  evident,  fix)m  the 
fixing  of  two  brass  hemispheres  together,  by  only  ex- 
tracting the  internal  air,  and  suifering  the  external  air 
to  press  them  together:  from  the  fixing  of  the  exhausted 
receiver  over  the  hole  of  the  air  pump:  from  the  break- 
ing of  a  thin  pane  of  glass,  or  a  bladder  tied  over  the 
mouth  of  the  receiver:  from  the  breaking  of  square  bot- 
tles fixed  over  the  hole  of  the  air  pump:  from  forcing 
water  into  hollow  glass  bubbles,  by  the  pressure  of  the 
air,  and  thereby  making  them  heavier  than  water,  so 
that  they  shall  sink  in  it:  and  from  sustaining  the  mer- 
cury in  the  barometer. 

If  a  glass  tube,  open  at  one  end  and  closed  at  the 
(^her,  be  filled  with  mercury,  and  the  open  end  be  im- 
piersed  in  a  bason  of  the  same  fluid,  it  becomes  the 
comnion  barometer;  when  the  mercury  will  subside 
into  the  bason,  until  it  stands  at  the  altitude  of  29.5 
inches  in  the  tube,  above  the  surface  of  the  mercury  in 
the  bason,  in  a  mean  state  of  the  atmosphere,  leaving 
a  perfect  vacuum  at  the  sealed  end  of  the  tube,  called 
the  torricellian  vacuum,  from'Torricelli,  the  inventor 
of  the  experiment.  Now,  diat  the  mercury  is  supported 
in  the  tube  by  the  pressure  or  weight  of  the  atmosphere 
is  evident  from  this  consideration,  viz.  the  mercury 
being  a  fluid,  cannot  rest,  until  every  part  of  the  surface 
isequally  pressed.  But  diere  is  nothing  except  the  weight 
'^fthc  atmosphere  to  press  upon  the  sur&ce  of  the  mcr- 
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curv  lo  be  a  counterbalance  to  the  weight  of  29.5  inchB 
of  mercury  preisiiij^  upon  that  part  nl  the  surface,  thai 
\s  under  the  tube.  Were  any  piirt  of  die  suiliice  Im 
pressed  than  any  other,  it  would,  from  die  nature  of  8 
fluid,  ri&e  higher,  uniil  the  cruialify  of  pren-iure  wcfe 
restored;  and  every  perpend iculiir  column  oi  the  fluid 
pressed  equally  on  the  bottom.  Therelore,  as  wc  find 
the  mercury  at  rest,  and  one  part  of  the  surface,  under 
the  tube,  is  pressed  with  the  weight  of  a  column  of 
mercury  29. 5  inches  high,  we  must  conclude  that  every 
other  ef]ual  part  of  the  surface  is  pressed  with  an  equal 
weiffht,  and  that  the  atmosphere  alone  furnishes  llw 
pressure,  as  nothing  else  is  in  contact  with  it.  Hence  ■ 
column  of  mercury,  of  any  givtn  Ixise,  and  29.5  inchn 
high,  weighs  as  much  as  a  column  of  air  of  the  same 
base,  whose  altitude  i-eaches  to  the  top  of  the  stmos- 
phere.  But  such  a  column  of  mercury  of  one  squat 
inch  in  tlie  base  would  weigh  15  pounds;  and  tberefivt 
every  stjuare  inch,  near  the  surfuce  of  ihe  earth,  s 
pressed  by  the  air  with  a  weight  of  IS  pounds. 

That  the  weight  of  the  atmosphere  alone  is  the  Inic 
cause,  why  the  mercury  is  supported  in  the  tube,  is 
fai'ther  evident  from  «  hat  happens  when  this  is  removed. 
When  the  air  is  removed  from  the  surface  of  the  wo- 
Cury  in  the  bason,  the  mercury  in  the  tube  substdntO 
the  s'ime  le^'el  uith  it,  and  rises  again  to  the  fbnner 
altitude  upon  the  re-admission  of  ihe  air  to  press  on  tbt 
surface  of  the  mercury  in  the  bason.  And  because  the 
specific  gravity  of  mercury,  well  sublimated,  is  14  ijnio 
as  great  as  that  of  water,  it  is  evidt-nt  that  the  same 
pressure  of  the  atmosphere  is  sufficient  to  su'^tain  a 
column  of  water,  fourteen  times  as  high  as  that  of  nuf- 
cury,  that  is,  about  31  feet. 

The  weight  of  die  air  is  exceedingly  variable;  soiM- 
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times  sustaining  the  mercury  at  the  altitude  of  3 1  inches, 
and  at  others  no  more  than  28,  making  the  M^ale  of  va- 
riation three  inches.  This  difference  of  weight  is  bcnM- 
bly  felt  by  the  valetudinarian.  It  greatly  affects  the  ani- 
oial  functions  and  the  health,  'i'he  asthmatical  person,  for 
instance,  will  find  his  disorder  increase  by  the  levity  of 
the  air.  A  pure,  dense,  and  heavy  air  is  no  more  than  suf- 
ficient  to  distend  his  kings,  in  respiration;  but  when  ttie 
weight,  and  consequently  the  elasticity  of  the  air  is  di- 
minished, his  lungs  are  not  sufficiently  distended,  and 
he  feels  a  difficulty  in  breathing,  as  the  mercury  begins 
to  sink  in  the  barometer.  Thiii  lightness  of  the  air  arises 
fix>m  the  atmosphere  being  filled  with  watry  particles, 
ixiw  converted  into  an  elastic  fluid  by  evaporation,  or 
from  the  quantity  of  it  being  lessened  in  any  particular 
place,  by  high  winds  blowing  steadily,  for  some  time, 
in  one  direction. 

People  are  generally  mistaken  in  their  judgments 
about  a  liglit  and  heavy  state  of  the  air;  calling  that  light, 
which  is  in  reality  heavy,  and  the  contrary.  The  reason 
of  the  mistake  seems  to  be  this;  the  greater  weight  of 
the  air  braces  up  the  fibres  and  solids  of  the  human 
body,  and  brings  them  to  a  proper  tone,  so  that  the  blood 
vessels  acting  with  full  vigour,  give  a  due  velocity  and 
necessary  momentum  to  the  blood,  to  overcome  the 
obstructions  continually  forming  in  the  fine  capillaries. 
Hence,  by  a  brisk  circulation  of  the  blood,  and  a  pro- 
per compression  of  the  solids,  we  find  ourselves  firm 
and  alert,  brisk  and  lively,  and  therefore  imagine  that 
tlie  air  is  light,  when  it  is  in  reality  heavy,  to  produce 
tids  effect.  And  on  the  other  hand,  by  the  lesstMied 
weight  and  elasticity  of  the  air,  the  fibres  are  relaxed, 
the  force  of  the  vessels  is  diminishedr  .^  languid  circu- 
srl   boon  ensues,  and  viscidities  ^Hqil  'i|^  form- 
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edj  which  produce  agues  and  fevers,  the  reneival  of 
old  complaints  and  pains  in  some,  and  a  sort  of  indo- 
lence,  languor  and  lazy  inactivity  in  all;  from  wbciia 
wc  derive  the  idea  of  heaviness  in  the  air,  when  it  is  in 
realiiv  lightest. 

As  many  effects  depend  upon  the  different  wei^ 
of  the  atmosphere,  various  contrivances  have  been  tried 
to  increase  the  scale  of  three  inches  variation  in  the  ba- 
rometer, so  that  the  minuter  alterations  of  gravity  migfal 
be  more  easily  discoveri-d:  such  as  the  addition  ofs 
wheel,  that  shall  be  moved  by  the  rising  and  sinking 
of  the  mercury  in  the  bason,  and  carry  an  index  overa 
gTdduated  circle:  and  the  throwing  off  the  scale  into  a 
horizontal  or  diagonal  situation;  which  have  given  rise 
to  the  names,  of  the  rectiingular,  diagonal,  and  wheel 
barometers.  But  these  are  all  attended  with  some  in. 
convenience  or  other,  so  that  they  have  generally  given 
place  to  the  division  of  the  scale  in  the  common  baro- 
meter by  a  nonius  or  vernier  scale,  which  is  so  coo- 
trived  that  the  hundredth  part  of  an  inch  may  be  dis- 
tinctly perceived. 

Tlic  barometer  stands  at  the  same  perpendicular  d- 
litude,  whether  the  tube  be  large  or  small;  for  althoogb 
the  base  of  one  column  be  larger  than  the  base  of  the 
other,  yet  it  is  supported  by  a  column  of  air  whose  base 
is  larger  in  the  same  proportion.  Yet  wc  find,  upona 
change  of  weather,  the  variation  in  the  larger  tube  is 
greater  than  in  the  smaller;  because  in  the  larger  tube, 
the  weight  of  the  mercury  is  so  great,  that  the  motioo 
of  it  will  not  be  much  hindered  by  the  attraction  or 
repulsion  of  the  tube:  \\hereas  in  the  lesser  tube  the 
action  of  the  glass  on  the  mercury  is  considerable  in 
proportion  to  the  weight  of  mercurj'. 

If  the  barometer  be  filled  with  mercury  adulterated 
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-%vith  lead  or  tin,  whose  specific  graviQr  is  less  than  that 
of  mercury,  it  will  stand  higher  than  a  barometer  filled 
with  pure  unadulterated  mercury,  at  the  same  time  and 
place.  To  make  the  barometer  exact,  the  mercury  ought 
to  be  well  sublimated  and  fi^eed  from  all  heterogeneous 
nuxturc,  before  it  be  put  into  the  tube,  and  then  boiled 
in  the  tube,  to  purge  it  of  all  air  and  moisture. 

The  barometer  will  be  generally  low  in  rainy  weather 
nd  in  high  stormy  winds,  but  will  suddenly  rise  when 
die  storm  is  over.  As  a  diminution  of  the  gravity  of  the 
ur,  suflers  the  watery  particles  that  float  in  it,  when 
sufficiently  condensed,  to  descend,  and  the  same  dimi- 
nution of  gravity  suflfers  the  mercury  to  fall  in  the  ba- 
rometer, these  two  efiects  will  be  fiiequently  found 
togctbef.  Yet  if  the  density  of  the  air  be  diminished 
by  heat,  the  same  heat  rarifies  the  vapour,  and  makes 
it  more  easily  supported;  so  that  the  falling  of  the  mer- 
cury in  the  barometer  is  not  always  accompanied  with 
rain.  And,  on  the  other  hand,  rain  may  be  produced 
widiout  any  alteration  of  the  gravity  of  the  atmosphere, 
when  the  vapours  in  a  current  of  air  are  checked  in 
their  course,  by  mountains,  and  are  thereby  crowded 
together  in  large  globules,  which  the  atmosphere  cannot 
sustain.  And  when  the  air  moves  horizontally  with 
great  velocity,  as  in  violent  storms,  its  pressure  down- 
^rards  will  be  diminished;  as  we  shall  hereafter  find, 
when  we  come  to  speak  of  the  motion  of  fluids.  Hence 
the  mercury  in  the  barometer  must  necessarily  fall, 
until  this  pressure  downwards  be  restored  again,  by 
the  ceasing  of  the  storm. 

6.  As  the  air  is  an  elastic  compressible  fluid,  its  den- 
Ay  must  be  various  at  difierent  altitudes  from  the  sur- 
fecc  of  the  earth.  For  the  lower  parts  being  pressed 
with  the  wei^t  of  the  superior,  they  must  be  brought 


nearer  together,  in  jiroportion  as  tlie  wtight  of  the  in- 
cunibt-iit  piiriitles  is  grt-ater.  And  hence  we  find,  thai 
the  cknsity  of  the  atnio->phere  is  greatest  at  the  surfiiM 
of  the  earth,  and  that  it  dfcreastii  upwards  in  a  {^omf- 
tricitl  proportion  to  the  altitudes  Liken  in  ariihmeikll 
progression,  or  as  any  series  of  log;iruhms,  to  their  m- 
tunil  numbers.  Noiv,  as  it  is  found  that  the  air  at  the 
height  of  seven  miles,  is  lour  times  as  rare  as  at  the 
surface  of  the  earth;  if  we  take  any  series  of  distaiica 
upwards  in  arithmetlca]  progression  as,  7,14.81,28,  thf 
density  will  decrease,  at  these  altitudes,  in  the  geome- 
trical ratio,  4,16,64,^56,  &c.  Consequently,  the  den- 
sity of  the  atmosphere  must  decrease  upwards,  iinti! 
the  gravity  of  the  uppermost  particle  l^ecomes  a  balance 
to  its  elasliciiy.  How  high  this  may  be,  no  man  can 
say,  BS  we  know  not  the  least  gravity  of  a  panicle  of 


Was  the  air  of  uniform  gravity  throughout,  ne  might 
easily  determine  its  greatest  altitude  by  exiwrimtnt 
Let  a  tulje  open  at  both  ends  be  sealed  in  the  neck  of 
a  vial  partly  fjlkd  »vith  water,  and  the  lower  end  ipi- 
merscd  in  the  water.  By  blowing  a  little  air  into  the 
tube  the  spring  of  the  air  on  the  surlace  of  the  wHtr 
will  be  increased,  so  as  to  sustain  a  column  of  water  ID 
the  tube,  equ^l  to  the  spnng  of  the  air.  When  this  in- 
strumeiit  is  c;uTied  upwards  72  feet,  the  cotunm  (rf 
water  in  the  tube  will  Ije  found  to  have  risen  one  inch; 
therefoR",  72  feet,  or  864  itiches  of  air,  is  equal  to  one 
inch  of  water,  or  their  specific  gravities  are  in  this  pro- 
portion: as  1:  864.  Now,  if  the  air  were  of  unifom 
gravity  12x72feetof  air  would  support  a  foot  of  water, 
but  the  whole  height  of  the  atmosphere  support&  a  co- 
lumn of  water  34  feet:  therelbre  12x7:^x34=29376 
feet,  (between  five  and  six  miles)  is  equal  to  the  whiilt 
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lieight  of  the  atmosphere,  if  it  mxtc  of  uniform  density. 
But  as  it  continually  decreases  in  density,  we  know  that 
at  the  altitude  of  45  or  50  miles,  it  is  so  rare  as  not  to 
refract  a  ray  of  light,  seeing  the  twilight  ends,  when  the 
sun  is  about  1 8  degrees  belo>ir  the  horizon. 

From  the  knowledge  of  the  ratio  of  decrease  in  the 
denbity  of  the  air,  we  are  enabled  to  measure  any  heights 
by  the  barometer.  Observing  that  the  mercuiy,  when 
standing  at  the  height  of  30  inches,  falls  one  tenth  of 
an  inch  in  ascending  85  feet,  we  may  find  the  altitude 
at  which  it  will  fall  any  other  quantity,  as  half  an  inch, 

b>'  saying,  as  the  log.  ^^ :  85  : :  log.  —^  :  427.89 

feet,  the  altitude  at  which  it  falls  half  an  inch.  This,  in- 
deed|  only  gives  the  altitude  grossly,  and  needs  a  cor- 
rection on  account  of  the  change  of  density  at  the  bot- 
tont  and  top  of  the  mountain,  whose  altitude  we  would 
measure,  arising  from  the  effects  of  heat  and  cold. 
For  this  purpose,  the  use  of  the  thermometer  is  also 
necessary^  M.  de  Luc,  from  a  great  number  of  experi- 
ments, has  deduced  a  very  accurate  rule  for  making 
this  correction,  which  we  shall  deliver  without  troubling 
you  with  the  mathematical  investigation.  A  Fahren- 
heit's thermometer  must  be  attached  to  the  barometer, 
and  the  altitude  of  the  mercury  be  observed  bi  both, 
first  at  the  bottom  of  the  mountain  and  again  at  the  top. 
Then  take  the  difference  between  the  tabular  logarithms 
of  the  ol>ser\'ed  heights  of  the  barometer  at  the  two  sta- 
tions, considering  the  four  first  figures,  exclusive  of  the 
index,  as  whole  numbers,  and  the  remaining  figures  as 
decimals,  and  add  or  subtract  the  .452  parts  of  the  dif- 
ference of  the  altitudes  of  the  Fahrenheit's  thermometer 
at  the  two  stations,  according  as  it  was  highest  at  the 
lower  or  upper  station :  thus  you  wnll  have  the  hciprht 
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of  the  mountain  in  English  fathoms  nearly;  to  be  cor. 
reeled,  as  follows. 

Take  the  mean  altitude  of  tlie  thermometer  at  the 
two  stations,  and  say,  as  449  is  to  the  difference  between 
that  mean  altitude  and  40  ,  so  is  the  height  of  the  upper 
station  found  nearly,  as  above,  to  the  correction  of  the 
same;  which  added  or  subtracted,  according  as  the 
mean  altitude  of  the  thermometer  was  higher  or  lower 
than  40",  will  give  the  true  height  of  the  upper  statkn 
above  the  lower,  in  English  fathoms,  and  this  multiplied 
by  fi  will  give  it  in  Englbh  feet.* 


*  The  height  of  a  mouniain  may  be  easily  obtained  by  the  1M' 
rometer  and  thermometer,  with  the  help  of  the  fuUouing  aU& 
which  gives  tlie  height  you  must  ascend  to  cause  the  mcrcnij 
of  the  barometer  lo  s.ink  one  tenth  of  an  inch  in  any  temperalUR 
of  heat,  from  32  to  80  degrees  of  Fahrenheit's  thetTnomclcr,  lop- 
posing  that  the  barometer  stood  at  30  inches  at  the  suriaceof  th 
oarth. 


[Temp,  of  Therm.  |  32-  j  3S°  |,40°  |  45°  |  iB°  |  ? 
|Feet=TinlnchBar.|85.86|87.49|887i4|89.60|90.66l9 
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.72  [93.771 


I  65°   [   70"  [  75"  [   aO''  [   85°  |  '90'>   (    95"  I 
|93.82[94.8H[95.93l96.99[98.04|99.m|]06.rij 

When  the  barometer  stands  at  any  other  height  than  30  incbu. 
ihe  altitude  answering  to  one  tenth  of  an  inch  depression  of  ih* 
meKtiry  in  the  barometer,  will  be  in  the  inverse  ratio  of  30,  » 
that  height,  in  any  given  lempcratuic  of  the  air.  Suppose  in  the 
temperature  of  60"  by  Fahrenheit'^,  ihernionieter,  when  the  met- 
.  iiry  would  sink  y,  of  an  inch,  by  an  usrent  of  92.77  feet,  wWk 
ihc  barometer  stands  at  30  jnchts.  1  would  know  what  altitttfe 
would  sink  the  mercury  Jj  of  an  inch,  in  the  same  lemperatnK 
r/the  air,  when  the  barometer  stands  at  29  inches. 

Say,  as  30  :  29  : :  92.77  :  89.68  feet=io  one  tcnib  of  an  inch 
'icsrcm  of  the  mercury. 
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riic  cllccts  of  Uiu  cl;isiii:itv  of  iIr  air  are  like  tliose 
Fits  gravity:  and  'mchidtd  air  acly  by  its  spriiifj.  just 
as  air  not  confined  acts  by  its  weight.  The  air  which  is 
loaded  uiiti  tht  weight  of  the  incumbent  atmosphere, 
presses  every  way,  from  the  nature  of  a  fluid;  and  the 
force,  which  it  exerts  by  its  wtight,  no  nays  depends 
upon  its  elasticity.  For  this  force  cannot  be  altered, 
whether  it  be  considered  as  elastic  or  not.  But  being 
elastic,  as  is  evident  from  a  thousand,  experiments,  it  is 
reduced,  by  the  compressing  force,  into  a  less  space; 


The  following  ni!c  wili  give  the  height  of  any  ntountain  exact- 
If,  provided  the  mountain  be  not  above  4000  or  5000  feet. 

Let  x=lhe  height  of  the  mountain. 

A=the  mean  altiiutle  of  the  barometci'  at  ihe  loot  of  the  nioun- 
lain,  at  the  beginning  and  end  of  the  operation, 

a>Ethe  (iiflerence  of  the  barometer  at  the  fool  and  to|i  of  the 
mountain. 

bsthc  number  taken  out  of  the  above  table,  or  found  by  it. 
Then 

X  ^ =the  hci);ht  of  ihe  mountain  in  feet. 

That  is,  multiply  thirty  limes  the  difference  of  the  altitudes  of 
the  barometer,  taken  in  inches  and  tenths,  by  the  number  taken 
out  of  the  table  (or  found  by  it,  in  the  manner  above  required)  in 
ih«  lower  line  answering  to  ^^5  of  an  inch  sinking  of  the  barome- 
ter, correspondeni  to  the  temperature  of  the  air  indictttcd  by  the 
thermometer;  and  divide  tJic  prtiduci  by  the  mean  altitude  of  the 
harometcr,  observed  at  the  beginning  and  end  of  the  operation, 
and  the  quotient  will  1>e  tlie  height  of  the  mountain  in  feet. 

N,  B.  If  Ihei-e  be  no  biirometer  and  thermometer  left  at  the 
fiwt  of  the  mouniain  while  you  ascend  and  descend,  let  the  instru- 
nacntt  carried  up  to  the  lop,  be  placed  again  at  the  foot  of  the 
BUHiulain.  for  I  i  minutes,  after  your  descent;  and  marlunj;  the 
differcnre  between  the  altitudes  of  both,  at  the  beginning  and  at 
the  end  [>r  the  operation,  you  must  then  End  and  t.ike  ihc  mean 
rf  them,  respectively,  foi'  the  mean  gravity  und  temperalui'e  of 
r,  during  the  operation. 
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and  its  elasticity  increases  or  diminishes,  with  the  difrr 
tance  of  its  particles  from  each  other:  and  whether  it 
be  kept  within  a  certain  space,  by  the  weight  of  the 
atmosphere,  or  by  any  other  force,  it  equally  endea- 
vours to  expand  itself,  and  presses  every  way.  If  Ac 
air,  therefore,  near  the  surface  of  the  earth,  be  included 
in  a  vessel,  without  altering  its  density,  the  elasticity  of 
the  included  air  will  be  equal  to  the  weight  of  the  vfbiQit 
atmosphere.  And  if  that  weight  be  removed,  it  wH 
expand  itself,  with  a  force  equal  to  that,  with  which  it 
was  compressed.  The  elasticity  of  the  air  appears  fitmi 
many  experiments;  such  as,  1.  The  expansion  of  a 
small  quantity  of  air  in  a  bladder,  in  an  egg,  and  in 
glass  bubbles;  2.  Bladders,  when  sunk  in  water,  made 
buoyant  by  the  expansion  of  the  air  in  them;  3,  Beer» 
water,  and  porous  bodies,  emitting  great  quantities  of 
air  in  large  globules,  under  the  exhausted  receiver; 
4.  Glass  bubbles  and  images  raised  in  water,  by  die 
expansion  of  air  contained  in  them;  so  that  the  water, 
which  caused  them  to  sink,  being  protruded,  they  be. 
come  specifically  lighter  than  the  water;  5.  A  small 
square  bottle,  broken  by  the  spring  of  the  included  air; 
6.  Shrivelled  apples  made  to  look  plump  and  fair,  by  the 
spring  of  the  air;  7.  And  animals  gready  swelled  by  the 
expansion  of  the  air  within  them,  when  the  external 
pressure  of  the  atmosphere  is  removed. 

As  the  elasticity  of  the  air  is  proportional  to  the  force 
diat  compresses  it;  when  it  is  sufficiently  condensed  oc^ 
the  surface  of  water,  under  the  receiver,  to  counterba — 
lance  the  weight  of  the  whole  atmosphere,  it  produce 
a  beautiful  fountain  or  jet  of  water,  springing  up  to 
considerable  height.  Water  boils  with  less  heat,  on 
moving  the  weight  of  the  atmosphere. 

The  use  of  the  diving-bell  depends  upon  the  spriim^ 
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of  the  included  air,  whereby  it  prevents  the  water  from 
coining  into  the  bell;  so  that  persons  may  sit  and  breathe 
in  it  when  sunk  into  the  water  to  a  very  considerable 
depth,  and  for  a  long  time,  provided  fresh  air  be  con- 
veyed to  them;  as  the  air  frequently  breathed,  soon  be- 
comes unfit  to  preserve  animal  iife.  The  air,  which 
filled  the  bell,  at  the  surface  of  the  water,  is  compressed 
intD  half  the  space  when  the  bell  descends  34  feet;  for 
Aen  it  is  pressed  with  tlie  wei^t  of  two  atmospheres, 
as  thirty  four  feet  of  water  is  equal  in  weight  to  a  column 
of  air  of  the  same  base,  and  an  altitude  equal  to  the 
height  of  the  atmosphere.  When  the  bell  descends  60 
feet,  tlie  air  in  it  is  pressed  with  the  weight  of  three 
atmospheres,  and  consequently  is  two  thirds  full  of  ^- 
ter.  The  admission  of  fresh  air  into  the  bell  will  soon 
exclude  this  water  by  its  spring  and  leave  the  bell  full 
of  condensed  air.  This  condensed  air  gives  a  very  sen- 
aiUe  pain  to  the  persons  in  the  bell  for  some  time,  until 
die  air  hi  their  bodies  becomes  equally  dense  with  it, 
and  counterbalances  its  pressure  on  them.  Hence,  the 
necessity  of  a  slow  and  gradual  descent  of  the  bell,  to 
give  time  to  the  air  within  the  persons  to  become  of 
equal  density  with  that  in  the  bell. 

8.  The  elasticity  of  the  air  when  confined  in  a  vessel 
is  greatly  increased  by  heat;  yet  in  the  open  atmosphere, 
it  is  neither  increased  by  heat,  nor  diminished  by  cold. 

The  elasticity  of  the  air  is  proportional  to  the  com- 
pressing force;  that  is  to  the  weight  of  the  atmosphere, 
or  the  height  of  the  mercury  in  the  barometer,  whether 
in  summer  or  in  winter,  by  day  or  by  night;  and  there* 
fore  the  elasticity  of  the  air,  in  the  open  atmosphere,  is 
greatest,  when  the  barometer  is  highest,  and  least,  when 
it  is  lowest,  without  any  regard  to  heat  or  cold. 

Yet  if  any  quantity  of  air  be  included  in  a  close  vcs- 
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sel  and  do  not  communicate  with  the  open  air,  itb  ela&- 
tici^y  will  be  gready  increased  by  heat,  as  is  evident 
from  the  swelling  of  a  bladder  piutiy  filled  with  air, 
when  laid  before  the  fire  for  a  short  time.  Or,  if  a  thin 
glass  vial,  close  corked,  be  set  before  the  fire,  the  elas- 
ticitj-  of  the  air  in  it  increasing  by  the  heat,  will  m^ 
the  air  expand  so  as  to  burst  die  viitl.  From  hence,  m 
may  conclude,  lliat  when  tlie  particlts  of  air  are  kept 
at  the  same  dibtance  from  one  another,  heat  will  cautt 
them  to  repel  eacli  other  more  Ibrcibly,  or  make  them 
more  tlaiitic.  But  if  tht-  heated  air  be  at  libertj'  to  ex- 
pand itself,  and  mix  with  the  open  atmosphere;  thea,as 
much  more  forcibly  as  die  particles  repel  each  other, 
so  jnuch  farther  will  they  recede  from  one  anotiiai. 
Upon  the  whole,  the  heat  will  increase  the  elastici^  v 
repulsive  force  of  the  air,  and  make  it  more  rare,  or  sM 
the  particles  at  a  greater  distance;  when  they  will  repA 
each  other  with  a  less  force,  in  proportion  to  the  in* 
creased  distance  of  the  particles;  so  tliat  the  reputsioQ 
of  the  particles  is  as  much  lessened  by  their  increased 
distance,  as  it  is  increased  by  the  action  of  heat:  and 
therefore  the  elasticity  of  the  air  in  the  open  atmospbot 
is  not  altered  by  heat  or  cold. 

From  the  increased  elasticity  of  confined  air,  by  the 
action  of  heat,  we  account  for  the  additional  degree  of 
heat  that  water  is  capable  of  receiving,  when  heated  air 
is  confined  on  its  surface,  above  what  it  could  receive, 
when  boiling  in  open  air:  so  that  in  a  digester,  it  will 
even  dissolve  bones  and  convert  them  into  a  jelly. 

Yet,  alihough  a  niodenite  degree  of  heat  increases 
the  elasticity  of  confined  air,  a  very  great  degree  of  heal 
will  totally  destroy  its  s;ilubrity,  and  render  it  unfit  for 
animal  life;  as  appears  from  the  instant  death  of  animals 
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ia  adust  air,  after  it  has  passed  through  the  fire;  when 
it  produces  the  same  eflfects  with  mephitic  or  fixed  air.* 

The  effects  of  heat  and  cold  in  the  air  gave  rise  to  the 
construction  of  thermometers^  to  ascertain  their  various 
degrees.  Air  being  most  sensibly  afiected  with  heat  and 
'xidj  was  first  thoug(ht  of  for  the  thermometer,  in  the 
Sxrn  I  have  already  described.  But  thermometers  of 
ills  kind  are  affected  by  the  weight  of  the  atmosphere, 
IS  well  as  by  the  spring  of  the  confined  air:  and  this 
nenders  them  useless,  except  for  extempore  experi- 
mentSy  such  as  estimating  the  difference  of  heat  in  the 
rooms  and  cellars  of  houses.  This  therefore  gave  way 
to  the  use  of  other  fluids,  such  as  spirits  of  wine,  lin- 
seed oil,  and  mercury,  which  have  been  tried  with  va- 
rious success;  some  of  them  answering  one  purpose,  and 
some  another. 

Thermometers  made  with  these  fluids  generally  con- 
^st,  of  a  long  tube  or  stem  and  a  spherical  or  cylindri- 
cal bulb  at  the  end.  The  bulb  and  part  of  the  stem  is 
filled  with  die  fluid,  and  when  heated  to  a  proper  de- 
gree, so  as  to  fill  the  tube,  the  stem  is  hermetically 
scaled  at  the  top,  to  keep  off*  the  pressure  of  the  atmos- 
I^bere,  that  the  instrument  may  be  affected  only  with 
heat  and  cold.  As  these  fluids  will  rarify  and  expand 
with  heat,  and  contract  again  with  cold,  the  thermome- 
ter will  stand  highest  in  warm  weather. 

Thus  &r  they  may  be  said  to  vary  alike,  as  their 
variations  proceed  from  the  same  cause.  Yet  they  sel- 
dom vary  to  the  same  degree,  with  the  same  degree  of 

*  Mere  heat  will  not  vitiate  the  air  or  destroy  its  salubrity; 
this  takes  place  only  when  it  suffers  a  decomposition  by  a  burn- 
ing body,  or  some  other  in  which  the  oxygen,  or  ntal  pnncipl<» 
of  the  air,  is  absorbed. —  Kd. 
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heat,  when  made  of  the  same  fluid.  One  may  rise  an 
mch,  while  another  in  the  same  place  rises  but  half  an 
inch. 

The  variation  of  two  thermometers  is  directiy  as  Ac 
capacities  of  their  bulbs,  and  inversely  as  the  bases  of 
their  stems.  Suppose  the  diameter  of  the  stems  eqnali 
but  the  capacities  of  the  bulbs  different:  equal  degrees 
of  heat  will  swell  and  enlarge  the  bulks  of  the  fluids  in 
proportion  to  their  bulks:  so  that  if  the  capacity  of-  die 
one  were  double  or  triple  that  of  the  other,  it  would  be 
enlarged  twice  or  thrice  as  much;  and  if  by  swelling 
they  rise  in  tubes  of  equal  diameters,  the  largest  must  \ 
rise  twice  or  thrice  as  high  as  the  least.  This  is  indeed  ' 
upon  the  supposition,  that  the  fluid  is  equally  heated 
through  in  both.  But  on  sudden  changes  of  heat  and  . 
cold,  the  case  will  be  different,  for  the  lesser  ball  wA 
be  sooner  heated  through,  and  be  more  expanded^ 
in  proportion  to  its  bulk;  unless  the  heat  continues  kf 
some  time,  until  it  has  penetrated  the  larger  bulb  abOi 
So  that  on  this  supposition  the  rise  of  the  fluid  \rill  be 
directly  as  the  capacity  of  the  bulb.  Suppose,  again,  ttat 
the  capacities  of  the  buibs  were  equal,  but  the  diame- 
ters  of  the  stems  different.  When  the  fluid  is  equally 
heated  in  both,  equal  quantities  of  it  must  rise  in  the 
stems,  and  the  refore  the  heights  to  which  they  rise, 
must  be  greater  in  proportion  as  the  diameters  arc  le«; 
that  is,  the  heights  will  be  inversely  as  the  bases  of  the 
stems.  Therefore  when  neither  the  capacities  of  the 
bulbs,  nor  the  diameters  of  the  stems  are  equal,  the 
heights  of  the  fluid  in  the  thermometers  will  be  directly 
as  the  capacities  of  the  bulbs,  and  inversely  as  the  bases 
of  the  stems. 

Yet  the  variations  of  different  thermometers  may  be 
compared  together  by  some  common  scale,  such  as  that 
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of  Fahrenheit;  in  which  the  freezing  point  is  at  32,  and 
the  heat  of  boiling  water  at  212  degrees.  If  any  other 
thermometer,  however  difierent  in  the  diameter  of  the 
stem,  or  capacity  of  the  bulb,  have  its  scale  divided  in 
the  same  manner,  the  degrees  of  one  will  bq  propor- 
tional to  the  degrees  of  the  other,  and  indicate  the  same 
degree  of  heat,  at  any  particular  time,  however  different 
the  lengths  of  the  scales  may  be. 

The  thermometer  is  thus  made.  The  tube  must  be 
nrll  heated  to  expel  the  air  out  of  it,  and  when  the  end 
of  it  is  immersed  in  the  fluid,  the  pressure  of  the  air 
oa  the  surface  of  the  fluid  will  force  it  into  the  bulb  of 
the  thermometer,  until  that  be  filled,  and  part  of  the 
8lem,  as  the  tube  begins  to  cool.  The  tube  thus  filled 
k  immersed  in  snow,  just  beginning  to  melt,  or  water 
beginning  to  freeze,  and  the  point,  at  which  the  fluid 
stands  in  this  situation,  is  marked  32,  according  to 
Fahrenheit's  scale.  It  is  then  immersed  in  boiling  water, 
if  it  be  filled  with  mercury,  and  the  point  at  which  it 
then  stands  is  marked  212  degrees,  the  intermediate 
ipace  being  divided  into  180  parts  called  degrees.  At 
96,  the  heat  of  the  blood  is  noted;  and  the  part  of  the 
tube  below  the  freezing  point  is  divided  in  the  same 
manner.  If  spirit  of  wine  be  used,  it  will  not  bear  so 
great  a  degree  of  heat  as  boiling  water,  before  it  would 
boil  and  burst  the  tul^e;  the  thermometer  is  therefore 
immersed  in  water  heated  to  such  a  degree,  as  to  suflfer 
melted  wax  poured  on  it  to  begin  to  coagulate,  and  the 
point  at  which  the  spirit  then  stands  is  to  be  marked 
142  degrees.  The  fluid  is  then  to  be  raised  to  the  great- 
est height,  that  it  can  bear,  and  the  tube  sealed  at  that 
point,  to  exclude  the  pressure  of  the  external  air. 

As  spirit  of  wine  boils  and  bursts  the  tube  with  a 
noall  degree  of  heat,  such  a  thermometer  cannot  indi- 


cate  the  heat  ol'  boiling  oils,  or  melted  metals.  But  as 
linseed  oil  acquires  four  limes  as  much  heat  before  it 
boils,  as  spirit  of  wine,  its  use  is  more  extensivi;,  bill 
it  soon  sullies  the  tube,  and  reaches  no  farther  than  the 
heat  necessary  for  melting  lead  or  tin.  It  therefore  gave 
way  to  the  mercurial  diermometer,  which  sustains  a 
much  greater  degree  of  beat  and  cold.  But  this  alao 
lias  its  limits,  as  the  mercury  has  been  lately  found 
fixed  by  ;t  high  degree  of  arti6cial  cold,  and  retidcred 
malleable,  or  capable  of  being  stretched  imdcr  the  ham. 
mcr. 

The  bulb  of  the  thermometer  should  be  made  cyHat- 
drical  rather  than  spherical,  that  the  heat  may  soootr 
penetrate  the  fluid,  and  thereby  the  sooner  show  ifae 
variations  of  heat  and  cold.  For  the  mercury  has  beea 
found  to  sink  in  the  tube  upon  a  sudden  applicauonof 
Iieat,  before  it  rose;  which  was  owing  to  the  expatMOi 
(if  the  tube,  before  the  heat  reached  the  center  of  dc 
niercurj'. 

9.  Air  is  necessary  for  the  existence  of  6ame  and  fire; 
Lis  a  candle  and  live  coals  are  suddenly  extinguished  by 
withdrawing  the  air  from  around  diem:  it  is  necessaiy 
to  promote  putrefaction  and  fermentation;  as  animal 
substances,  such  as  flesh  and  eggs,  arc  preserved  from 
putrefaction  for  a  considerable  time  in  vacuo,  and  by 
covering  them  with  lard  or  butter,  or  any  other  sub- 
stance that  would  exclude  the  air  from  them:  and  1  need 
liardly  add  diat  it  is  absolutely  necessary  for  the  preser- 
vation of  animal  life,  when  the  foramen  ovale  is  closed. 
Nature  has  provided  a  double  mode  of  circulation  rf 
the  blood,  for  those  animals,  tliat  are  to  live  in  air  and 
«'ater  alternately,  one  through  the  lungs,  while  theyaic 
in  the  air,  and  the  other,  through  the  foramen  ovale, 
when  thev  arc  in  the  t\  ater. 


Having  thus  considered  the  nature  and  general  pro- 
jierties  offluids,  both  incompressible  and  elastic,  we  now 
proceed  to  that  part  of  hydrostatics,  called  hydraulics, 
which  explains  their  properties  and  operations,  when 
they  arc  in  niodon. 

HYDRAULICS. 

Hydraulics  is  that  branch  of  natural  philosophy, 
which  considers  and  explaijis  the  laws  and  operaiions  of 
fluids  in  motion,  whether  they  be  compressible  or  in- 
compressible;  the  construction  of  machines  for  putting 
them  in  motion,  or  for  being  moved  by  them;  the  nature 
of  winds  and  sounds,  of  springs  and  tides. 

The  motion  of  a  fluid  ari'^es,  generally,  cither  from 
its  gravity,  pressure,  or  clasUcity;  or  from  the  action 
of  heat,  the  force  of  machines,  or  the  principle  of  gra- 
vitation. 

The  most  natural  order  of  treating  this  subject,  is, 
6rst,  to  consider  the  motion  of  such  fluids  as  are  in — 
compressible,  and  secondly,  the  motion  of  such  ;is  are 
clastic, 

MOTION  UK  INCOMPRESSIBLE  FLl'IDS 

The  first  cause  of  motion  in  fluids,  which  we  shall 
consider,  arises  from  their  gravity,  by  which  the  parti- 
cles  that  stand  highest,  press  upon  those  below  tliem; 
whereby  the  whole  surface  becomes  level,  or  rather  a 
part  of  a  sphere,  \vhosc  radius  is  the  same  with  that  of  the 
earth.  Thus  water  in  the  reservoir  will  rise  in  a  small 
duct  or  canal  that  communicates  with  it,  to  the  same 
lieight,  if  liic  canitl  be  close  all  round,  and  continued 
up  to  the  altitude  of  the  reservoir;  otherwise  it  will  run 
out  in  a  continued  stream,  until  the  water  in  the  reser- 
voir  Mnk  down  to  the  same  level.  The  solution  of  this 
2C 
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jihcnomcnon  clepencia  upon  this  principle  of  hydroBla- 
tics, — thai  the  presbure  of  fluids  is  in  proportion  to  their 
perpendicular  aUitudc,  and  not  according  to  dicir  quin- 
tity.  Hence,  water  is  often  brought  in  canals  under 
ground,  from  a  reservoir  in  an  eltvatcd  situation,  to 
supply  gardens,  meadows,  and  cities,  and  distributed 
through  various  parts  that  are  lower  than  the  fountain. 
Hence  also  is  the  descent  of  waters  in  n\  ers  and  streams, 
from  springs  that  are  situated  above  them;  and  the  break- 
ing out  of  streams  from  the  bottoms  or  sides  of  moun- 
tains, from  cisterns  in  them,  which  are  continually  sup- 
plied by  rains  and  vapours  distilling  tlirough  the  earth. 
As  a  great  quaiitity  of  the  vapour  raised  from  the  sur. 
face  of  water  returns  to  the  earth  in  a  silent  and  im- 
perceptible manner,  it  was  supposed  to  contribute  bul 
very  little  to  Uic  supply  of  rivers,  until  Dr.  Haller  in- 
stituted an  experiment  lor  estimating  the  quantitj-  raised 
in  the  Mediterranean  sea,  supposing  it  to  be  40  degrees 
long  and  4  broad,  on  an  average,  in  the  course  of  a 
summer  day.  After  salting  some  common  water,  and 
heating  it  moderately,  until  he  brought  it  to  the  same 
degree  of  hcL.t  and  specific  gravity  with  the  sea  in  a 
summer  day,  lie  suspended  it  to  the  end  of  a  nice  ba- 
lance, and  observed  the  quantity  evaporated  in  a  given 
time;  from  whence  he  detennined  the  quantity  evapo- 
rated  from  the  surface  of  the  whole  Mediterranean  sea, 
in  a  single  day,  to  be,  in  round  numbers,  5280  millions 
of  tons.  He  next  endea\'oured  to  estim:ite  the  quantity 
of  water  furnished  per  day  by  all  the  large  rivers,  tb^ 
empty  themselves  into  this  sea,  supposing  that  each  of 
them  brought  ten  times  as  much  as  tiie  river  Thames 
and  found  it  to  be  only  1 827  millions  of  tons;  which  is 
but  about  one  third  pan  of  the  quantity  evaporated. 
The  deficiency  therefore  must  be  made  up  by  the 
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und  vapours,  which  fall  again  on  the  sea,  and  by  that 
continual  influx  Irom  the  Atlauiic  ocean,  wliich  has 
been  observtd  at  the  streights  of  Gibraltar;  though, 
possibly,  little  may  be  owing  to  tliis  latter  cause,  as 
subsequent  observations  have  discovered  contrary  cur- 
rents  in  the  strei(>hts,  which  may  nearly  counterbalance 
one  another.  So  that  rivt;rs  are  not  wholly  supplied  by 
rains  and  melted  snous,  but  principally  by  vapours. 
This  may  also  be  applied  to  the  Caspian  sea,  which  daily 
receives  the  waters  of  many  large  rivers,  and  never 
bverfiows,  although  without  any  known  communica- 
tion whh  any  other  sea.  The  va|)our  raised  from  it 
daily,  and  carried  off  by  the  winds,  to  other  parts,  may 
be  a  counterbalance  to  the  quantity  of  water  rccei\cd 
from  its  rivers. 

"Those  who  suppose  that  water  may  be  raised  from 
(he  sea  by  subterranean  canals,  or  columns  of  sand, 
whose  bases  communicate  with  the  sea,  are  IgBorant 
of  the  fundamental  principles  of  hydrostatics.  For,  al- 
though columns  of  sand  may  raise  and  suspend  the 
water  of  the  sea,  like  capillary  tubes,  yet  they  can  sus. 
pend  it  only  to  certain  heights,  and  there  thej  will  re- 
tain  it,  without  permitting  it  to  flow  off  in  a  continued 
stream.  This  is  evident  enough  from  the  ascent  of  water 
in  a  capillary  tube.  Should  the  diameter  be  so  small, 
that  the  fluid  could  rise  even  to  the  top,  yet  it  would 
not  run  off  from  it.  And  in  a  larger  canal,  the  water 
could  only  rise  to  the  surface  of  the  sea,  and  thereiorc 
could  not  supply  rivers,  wliose  sources  are  much  high- 
er. It  is  indeed  said,  that  springs  have  been  found  on 
tht  tops  of  mountains,  but  it  is  said  by  inaccurate  ob- 
servers; for  the  matter  has  been  examined,  and  Ibund 
otherwise,  in  the  places,  \\hcre  sudi  springs  are  said  to 
found.  It  is  so  contrary  to  the  fundamental  principles 
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of  hydrostatics,  that  we  may  safely  afBrm,  that  it  i 
was,  nor  can  be,  fact;  unless  there  be  some  land  in^ 
ncighbourhootl,  in  which  the  reservoir  is  placeo^ 
greater  elevation  from  whence  the  stream  is  supplied,V 
a  bended  can:il  under  ground.  Let  such  a  canal  descera 
ever  so  low  liencath  the  bottom  of  the  reservoir,  und 
rising  again  from  a  valley,  by  the  side  of  another  moun- 
tain, the  water  would  stilt  rise  in  the  said  canal,  till  it 
arrived  at  the  same  height  with  die  surface  of  tiie  water 
in  the  reservoir. 

As  rivers  run  on  an  inclined  plane,  it  may  be  asked, 
why  their  velocity  is  not  continually  accelerated.  The 
reasLiit  arises  from  the  friction  and  resistance  of  the  sides 
and  boitom  of  the  canal,  \\  liich,  when  it  becomes  eqtial 
to  the  accelerating  force  of  gravity,  must  gentrrate  ap 
equable  and  uniform  motion.  Hence,  the  water  in  riven 
moves  slowest  near  the  sides  and  boUom,  because  gf 
the  greater  rei>istancc  it  meets  with  there. 

In  different  parts  of  die  s^mc  river,  the  velocity  is 
gi'catest,  where  the  bottom  has  the  greatest  declivity, 
on  account  of  tlie  gieatcr  accelerating  force.  But  where 
the  velocity  is  least,  the  depth  or  breadth  of  the  river 
must  be  greatest,  in  order  to  admit  the  same  quantity 
of  water,  to  pass  through  any  sections  of  the  river,  pi 
equal  times.  For  did  not  the  same  quantity  pass  throu^ 
all  the  sections,  whedier  deep  or  shallow ,  broad  or  nar* 
row,  in  the  same  time,  some  part  of  the  channel  vvoutd 
at  lengiJi  be  left  dry.  Wherever,  therefore,  the  channel 
is  narrow  or  shallow,  the  i^'ater  must  move  with  great- 
er velocity,  than  where  it  is  broad  or  deep.  Hence,  the 
momentum  of  Uie  moving  water  of  the  whole  river,  at 
any  particular  section,  is  the  same  as  at  any  other. 

From  the  water's  rising  in  a  bended  canal  to  the  same 
height  with  the  surlace  of  the  reservoir,  we  learn  (be 
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itionale  of  artificial  fouiitaiiib  and  jets  of  water,  for  the 
upply  of  gardens,  meadows  and  cities.  The  water  is 
pTouglit  irt  hollow  trunks  or  tubes  under  ground,  from 
[le  reservoir  in  an  elevated  situation,  to  the  place  where 
I  b  needed;  and  upon  tuniing  a  cock,  it  will  spout  up 
learly  to  the  same  height  with  the  surface  of  the  water 
n  the  reservoir;  but  not  altogether  so  high,  on  account 
if  the  resistance  of  the  air,  die  friction  against  the  sides, 
if  the  hole  from  whence  it  issues,  and  the  diminished 
■elocitj'  of  the  ascending  fluid,  by  the  action  of  gravi- 
ation,  leather  with  the  weight  of  the  superior  [jarti- 
:les,  resting  in  some  measure  upon  the  particles,  which^ 
mmediately  follow  them,  ivith  a  greater  velocity. 

Water  may  not  only  be  conveyed  across  a  valley  in, 
ubes  under  ground,  but  also  over  a  mountiiiii,  Hhos? 
leight  is  not  more  tliaii  34  feet  above  the  surface  of  the 
of  a  syphon  laid  across  the  hill; 


eservoir,  by 
ffovided  the  sjplii 
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be  first  filled  with  water. 
lAffrt  is  a  bended  tube  widi  legs  of  unequal  Icngdis, 
ised  in  drawing  off  litjiiors  from  one  vessel  to  anoilier, 
Phe  shorter  leg  being  immersed  in  the  fluid,  if  the 
iressure  of  the  atmosphere  be  taken  off  from  the  sur- 
ace  of  the  fluid  in  the  shorter  leg  of  the  sjphoo,  die 
teight  of  the  atmosphere  will  raise  a  column  of  water 
n  the  syphon  34  feet  high,  as  it  raises  the  mercurj'  in 
he  barometer.  From  thence  descending  b)'  its  own, 
[ravity  along  the  longer  leg  of  the  syphon,  as  low  aai 
he  surface  of  the  water  in  the  reservoir,  it  would  by  it* 
iveight  become  a  counterbalance  to  the  weight  of  the 
Water  in  the  other  leg.  .Vnd  should  the  longer  leg  of 
Jie  syphon  be  continued  but  a  little  lower,  the  gravity 
3f  that  column  of  the  fluid,  would  be  greater  than  that,  ' 
3f  the  other,  and  thereby  cause  it  to  run  out.  Should 
the  syphon  be  less  than  34  feet,  yet  suU  the 
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water  would  run  out  of  the  longer  leg;  becairf^ 
pressure  of  the  atmosphere  on  each  end  of  the  sjjj 
is  equal,  but  the  peq>endicular  column  of  water  il 
longer  leg  being  the  greater,  it  will  be  more  than ! 
cient  to  counterbalance  the  fluid  in  the  shorter  leg, 
therefore  it  will  run  out  at  the  longer  leg. 

The  ancients,  from  their  ignorance  of  this  hydn 
law  of  the  ascent  of  fluids  in  a  sjphon,  were  obiigl 
cut  through  mountains,  and  cast  arches  over  vallc; 
their  famous  aqueducts;  whereas,  a  tube  laid  acros 
valley  under  ground,  or  over  the  hill,  would  havi 
swered  the  puqiose,  M'ith  much  less  expense, 

This  also  accounts  for  the  phenomenon  of  the 
talus-cup,  containing  water  until  it  be  almost  filled 
the  surface  of  it  reach  the  chin  of  the  image  of  a 
talus  fixed  in  the  cup,  with  a  syphon  concealed  i 
image,  and  Uicn  emptying  itself  by  a  hole  in  the 
torn.  The  syphon  goes  up  one  leg  of  the  image,  n 
to  its  chin,  and  then  descends  through  the  other 
end  opening  at  the  heel  ot"  the  image  in  the  cup, 
the  other  end  passes  through  the  bottom.  Whil 
water  is  poured  into  the  cup,  it  will  rise  in  the  sj 
until  it  come  to  the  bend  of  it,  which  is  nearly  as 
as  the  chin  of  the  image,  and  then,  whatever  mi 
poured  into  the  cup  will  descend  by  its  o^vn  gn 
pushing  the  air  before  It,  until  both  legs  of  the  sj 
be  full;  and  because  the  leg  that  passes  throng 
bottom  is  longer  tlian  the  other,  the  whole  flui^ 
issue  out  of  the  bottom. 

Sometimes  the  syphon  is  concealed  in  the  hant 
the  cup,  while  the  upper  part  is  perforated,  to  eiw 
the  hydrostatic  skill  of  the  person  «'ho  attempts  to  < 
gut  of  such  a  cup. 

From  the  operation  of  the  syphon,  we  are  cnabj 
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ccount  for  reciprocating  and  inlermitring  springs.  The 
'■  reciprocating  springs  are  furnished  with  a  syphon  under 
;  ^ground,  which  communicates  with  Uie  bottom  of  the 
XKTservoir  in  the  hill,  and  whose  bend  reaches  as  high  as 
ihe  suriiice  of  the  \vater  in  the  reservoir.  While  the  wa- 
ter rises  in  the  reservoir,  being  percolated  Uirough  the 
earth,  it  will  at  the  same  time  rise  in  die  canal  to  the 
*Kime  altitude,  until  it  begin  to  run  over  the  bend  of 
*t,  ;md  then  it  will  descend  through  the  other  leg  of  the 
syphon  until  the  m  hole  reservoir  be  emptied,  when  the 
Stream  must  necessarily  slop  until  the  reservoir  be  filled 
o^in  to  the  height  of  the  bend  of  the  canal  or  syphoii. 
Thus  tlic  stream  will  run  and  stop  alternately  every  5 
Or  6  hours,  or  according  as  it  requires  more  or  less 
time  to  fill  the  reservoir. 

But  if  a  small  stream  from  another  reservoir  commu- 
nicate with  this  canal  or  syphon,  above  mentioned,  the 
stream  will  continue  to  flow,  with  the  water  furnished 
from  this  last  reservoir,  while  the  other  is  in  fiUuig,  and 
thereby  exhibit  the  phenomenon  of  intermitting  springs, 
which  flow  witli  great  velocity  for  a  few  hours,  and  then 
run  with  a  feeble  stream,  until  the  grand  reservoir  be 
^ain  filled. 

Upon  the  same  principle  of  the  pressure  and  weight 
of  ilie  air,  we  account  for  the  rise  of  water  in  the  com- 
mon pump  and  syringes.  The  common  pump  is  thus 
constructed.  A  valve  opening  upwards  is  fixed  in  the 
barrel  of  the  pump,  near  the  surface  of  the  water  in  the 
well,  and  another  in  the  piston,  which  works  in  the  bar- 
rel, fitting  it  so  exactly  as  not  to  suffer  any  air  to  escajie 
by  it.  When  the  piston  is  drawn  up  from  its  lowest 
situation,  it  sustains  die  weight  of  the  atmosphere  above 
it;  and  the  air  on  ihe  surface  of  the  water  in  the  well, 
by  its  pressure,  r^ses  it  into  the  barrel  of  the  pump 
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through  the  lower  valve,  until  the  spring  of  the  aRenoi- 
ted  air  under  the  piston,  added  to  fhc  weight  of  the  wa- 1 
ler  r^sed  through  the  lower  valve,  become  equal  W 
the  weight  of  the  external  air  pressing  upon  the  surfecc 
of  the  water.  As  the  piston  descends  for  a  second  stroke, 
through  the  attenuated  air  below  it,  the  weight  of  the 
water  already  raised  shuts  the  lower  valve,  while  the 
piston  compresses  the  air  below  it,  until  its  density  and 
spring  become  greater  than  that  of  the  air  above  the 
piston,  when  it  ivill  open  the  valve  of  the  piston,  which 
also  opens  upwards,  and  part  of  it  will  escape  through 
it,  and  mix  with  the  common  air.  When  the  piston  b 
again  elevated,  it  sustains  the  atmosphere  above  it  ai 
before,  and  attenuates  the  air  below  it,  whereby  the  wa- 
ter  will  rise  higher  in  the  pump  by  the  pressure  of  the 
external  air,  until  the  spring  of  the  included  quaati^ 
of  air  in  the  pump,  now  lessened  by  tlie  escaping  of 
some  part  of  it  through  the  valve  of  the  piston,  added 
tothe  weight  ofthe  column  of  water  raised  in  the  pun^ 
become  again  a  balance  to  the  pressure  of  the  exter- 
na!  air.  Thus  you  proceed,  until  all  the  air  in  iht 
barrel  of  the  pump  escape  through  the  piston,  and  the 
water  following  by  the  « tight  of  the  atmosphere  pres- 
sing upon  the  surface  of  the  water  in  the  well,  will 
spout  out  of  the  side  of  the  pump,  through  a  pipe  in- 
serted for  the  purpose. 

Unless  the  piston  reach  within  34  feet  of  the  surfece 
of  the  water,  in  its  lowest  situation,  no  water  can  pass 
through  its  valve;  because  the  weight  of  the  atmospbert 
is  sufficient  to  bear  a  column  of  water  of  no  greater  al- 
titude than  34  feet,  at  its  mean  gravity,  wlien  the  baro- 
meter stands  at  29.5  inches.  And  if  mercury  were  to  be 
pumped  up,  the  piston  must  descend  within  29.5  incfo 
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:  because  a  mercurial  column  of  that  allitiidc  is 
equal  to  the  weight  of  the  atmosphere. 

The  forcing  or  lii'iing  pumj)  works  by  an  inverted 
piston  placing  in  the  uatei-  of  the  well,  having  a  valve 
opening  upwards,  through  which  the  water  rises  wlille 
tile  piston  descends,  and  when  die  piston  is  elevated, 
the  weight  of  the  water  above  it  shuts  this  valve,  and  it 
is  forced  through  the  valve  of  the  barrel,  on  which  it  is 
again  sustaiued  while  tile  pislon  dcbcends  for  a  second 
stroke;  whereby  as  high  a  column  of  water  may  be 
raised,  as  the  operator  is  able  to  sustain;  and  in  both 
these  kinds  of  pumps,  the  pressure  of  the  atmosphere 
sustains  a  column  of  water  equal  to  34  feet  in  altitude. 
The  pressure  of  a  fluid  against  the  sides  and  bottom  of 
a  vessel  is  increased  by  the  motion  of  the  fluid  through 
a  hole  in  die  vessel,  VVc  have  seen  before,  that  the  pres- 
sure of  a  fluid  at  rest  on  any  point  was  proportional  to 
its  depth  below  die  surfucc  of  die  fluid.  But  as  soon  as 
the  fluid  begins  to  spout  out  of  the  side  of  the  vessel, 
the  pressure  is  greatly  iiicreascd  by  the  motion  of  the 
fluid;  and  experiments,  nuide  with  a  machine  for  the 
purpose,  prove,  thdt  it  is  double  to  the  pressure  of  the 
stagnant  fluid.  At  a  given  depth,  the  pressure  on  all 
»dcs  of  die  vessel  is  ccjual,  by  the  known  laws  of  hy- 
drostatics; but  when  a  hole  is  opened,  and  the  fluid 
H  begins  to  spout  through  it,  the  pressure  is  doubled  on  ^ 

^nfife  c^posite  side,  and  is  in  some  measure  increased  ^M 

^Hmmd  the  circumference  at  that  depth.  Hence  it  may  ^M 

I      happen,  that  a  vessel,  that  can  contiiin  any  st.ignant  ^| 

Buid,  may  suddenly  burst,  when  it  begins  to  spout  out  ^M 

of  the  side.   Because,  not  only  that  part  of  the  fluid  ^| 

which  is  contiguous  to  the  aperture,  receives  some 
motion,  by  which  its  momentum  is  increased;  but  also 

tf^he  fluid  receives  a  certain  degre*  of  ^_ 
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motion,  and  tlierefore  acts  with  a  much  greater  forcCy 
than  it  could  exert,  while  the  fluid  was  at  rest.  TWs 
may  properly  enough  be  denominated  the  hydrauBc 
paradox. 

The  knowledge  of  this  principle  is  not  only  neces- 
sary to  explain  many  important  phenomena  of  natuiti 
but  it  may  also  be  applied  with  good  success  to  many 
mechanical  and  hydraulic  purposes.  The  motion  of 
spouting  fluids  is  certainly  a  very  powerful  principle  of 
action,  and  is  suflicient  for  turning  a  mill  of  a  very  sim- 
ple construction,  without  a  single  wheel,  cog,  or  round. 
If  a  perpendicular  cylinder  be  continually  kept  full  of 
water,  by  a  small  stream  flowing  in  at  the  upper  end, 
while  it  revolves  on  an  axis  perpendicular  to  the  hori- 
zon, and  the  axis  carries  round  a  stone  for  grinding 
com  or  any  other  grain  on  its  upper  end,  like  the  sfun- 
dles  of  our  common  merchant-mills;  and  if  four  tubuhr 
arms,  communicating  with  the  cylinder,  be  fixed  at 
right  angles  to  it,  to  be  carried  round  by  the  axis,  whidi 
is  therefore  to  be  made  fast  to  the  lower  end  of  tbe 
cylinder;  motion  might  be  given  to  the  whole  machine, 
by  only  suflR^ring  the  water  to  spout  out  at  the  sides  of 
these  arms,  in  opposite  directions,  near  their  extremi- 
ties. The  reaction  or  pressure  of  the  spouting  water  on 
the  side  of  the  arm,  opposite  to  the  aperture,  ha^if 
nothing  to  counterbalance  it,  must  give  motion  to  the 
arm  in  an  opposite  direction  to  that  of  the  spouting 
water;  and  this  motion,  when  once  begun,  will  soon  be 
greatly  increased  by  the  centrifugal  force  of  the  water 
in  the  circulating  arm,  which  will  occasion  both  a 
greater  degree  of  pressure,  and  a  greater  dischai^  of 
water  in  a  given  time. 

The  celebrated  Bemouilli  imagined,  fix)m  a  compu- 
lation he  made  of  the  force  of  this  pressure,  that  a  ship 


might  be  driven  by  it,  at  the  rate  of  three  or  toiir  miles 
per  hour,  without  the  help  oF  sails  or  oars,  by  only 
pumping  lip  water  IVom  the  hca  into  a  reservoir  of  con- 
siderable altitude,  and  letting  it  spout  out  of  the  stem 
of  the  ship.  It  is  however  to  be  doubted,  whether  the 
success  ol*  the  project  would  answer  his  computation, 
however  true  tlic  principle  may  be  in  theoiy.  The  mill 
above  mentioned  has  been  constructed  and  found  to  an- 
swo-  every  expectation,  because  the  centrifugal  force 
of  the  water  in  the  arms  greatly  increases  the  pressure 
and,  consequently,  the  velocity  of  motion.* 

While  1  ;im  on  the  subject  of  the  pressure  of  ftuids 
m  motion,  you  will  permit  me  to  remark,  that  the  elec- 
trical fluid  seems  also  to  be  possessed  of  this  principle. 
When  it  is  at  liberty  to  escape  from  an  electrified  body 
by  means  of  a  sharp  point,  the  pressure  in  a  contrary 
direction  will  give  motion  to  a  wheel,  in  the  radius  of 
which  it  is  inserted.  Nay,  if  the  axis  of  tlie  wheel  be 
laid  on  two  parallel  inclined  planes,  ihe  wheel  may  be 
made  to  roll  up  the  inclined  planes,  contrary  to  the 
known  laws  of  gravity. 

Having  considered  the  pressure  of  stagnant  fluids  on 
the  sides  and  bottoms  of  vessels,  and  the  increase  of 
pressure  occasioned  by  their  spouting  tlirough  a  simple 
perforation  in  the  side  of  a  vessel,  without  any  tube 
inserted,  we  shall  now  consider  their  pressure  on  the 


*  The  powere  of  this  kind  of  mill  have  been  greatly  overrated, 
bf  not  duly  considering  the  resistance  arising  from  the  -vis  infrti4i 
of  the  water  in  the  tiorizontal  arms,  which  is  continually  under- 
going a  change  of  direction  from  the  lime  it  eniei's  till  the  time  it 
escapes.  The  late  Mr.  Waring  of  Philadelphia  has  demonstrated, 
that  the  powers  of  this  mill  are  no  greuter  than  those  of  an  under- 
shot, with  the  same  head  and  quantity  of  water.  See  Vol.  HI.  of 
gnsactions  of  the  American  Philosophical  Society.— >:rf. 
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iiujes  of  a  Korizontal  cana],  or  tube  inserted  in  the  side 
of  a  vessel,  while  the  fluid  is  in  motion. 

If  a  vessel  filled  with  water  to  any  height  communi- 
cate with  a  sniiiil  horizontal  tube  inserted  in  the  side» 
and  in  the  same  horizontal  tube  another  of  equal  .Ak 
meter  be  Bxed  perpendicular  to  the  horizon;  while  dK 
hoiizonta!  tube  remains  closed  at  tlie  end,  the  water 
will  siand  in  the  perpendicular  tube,  at  the  same  alli> 
tude  as  in  the  vessel,  by  the  known  laws  of  hydroaU* 
tics.  But  upon  o]>ening  the  end  of  the  horizontal  labc, 
the  water  will  immediately  subside  in  the  perpendicular 
tube;  provided  the  spouting  water  meets  witli  no  rcas- 
tance  from  the  roughness  of  the  tube,  the  contraction 
of  its  orifice  into  a  less  space  than  its  M'hole  diameter, 
or  its  being  bent  into  any  angle  or  curve.  From  all  thrtt 
causes  the  spouting  water  will  be  retarded  in  difiereiK 
degrees;  and  therefore,  when  any  of  them  operates,  the 
water  will  not  intirely  subhidc  in  the  perpendicular  tube, 
but  stand  in  it  at  a  certain  altitude.  From  hence  ^le  diih 
cover  a  remarkable  difference  between  the  pressures  of 
stagnant  and  moving  fluids;  and  conclude,  that  water 
moving  with  any  velocity,  in  an  even,  smooth,  hori. 
zontal  canji,  has  ikj  pressure  upwards,  althougfi  inB 
quiescent  (luiU,  the  pressure  iipu-ards  and  downwanh 
is  equal. 

Biit  if  i\'hile  the  «uter  was  spouting  out  of  the  end 
of  the  horizontal  tube,  another  orifice  were  opened  in 
its  aide,  of  equal  diameter  with  the  tube  itself,  about  20 
times  as  much  water  would  issue  from  the  end,  as  fixHB 
the  side  of  the  tube,  in  a  given  time:  which  shows,  that 
the  lateral  pressure  was  but  about  the  twentieth  part  of 
the  pressure  in  the  horizontal  direction. 

And  if  an  orifice  were  opened  in  the  under  side  of 
the  hra-izontal  tube,  while  the  water  was  flowing  out  of 
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le  end;  about  16  times  us  much  water  would  be  dis- 
harged  from  ihe  end,  as  from  the  under  side,  in  the 
une  lime;  which  shows,  tliat  the  pressure  on  the  bot- 
km  is  but  about  the  bixteeiidi  pait  of  the  horizonul 
npetus. 

From  these  cKperiments,  we  conclude  in  gencraltkj 
Kit  water  moving  in  a  horizontal  direction,  in  smootl^'  T 
rj^lur,  and  e\cn  canals,  exerts  no  remarkable  forces  1 
Kcept  in  the  direction  of  its  motion;  diat  it  is  but  little  I 
n  the  bottom,  less  on  the  tiides,  and  none  at  all  up-> ' 
mrds. 

Heoce  we  may  infer,  that  a  horizontal  tube,  whicli  i 
I  just  sufficient  to  bear  the  pressure  of  the  running  1 
tream  of  water,  is  immediately  burst,  upon  shutting)  i 
\c  orifice  at  the  ejid,  ami  confining  the  water  at  rest  , 
'itiun  it;  whereas  the  vessel  that  was  but  just  sufiicienB 
)  contain  the  stagnant  fluid  suddenly  bursts,  upon  giv*( 
ig  ihc  fluid  liberty  to  run  out  of  a  hole  in  its  side.      i» 

What  we  have  licrc  advanced  is  on  the  suppositi(Mij'  1 
lat  ihe  spouting  fluid  meets  with  no  R-tardation  in  ittf  i 
lotion,  eidier  from  the  asperity  of  die  horizontal  tubet)  1 
le  contracdon  of  its  orifice  at  the  end,  or  its  inflectioi)j4 
i(o  any  angle.  While  it  remains  straight,  if  the  orificAl 
e  contracted,  die  fluid  will  begin  to  press  upon  tbtffl 
jbe  in  all  directions,  with  a  force  proportional  to  that'  ] 
{Mitraction.  And  while  there  is  no  contraction  in  the  j 
rifice,  the  pressure  in  all  directionS^ivill  be  proportional!  ] 
>  the  angle,  by  which  the  direction  of  the  spouting  i 
uid  is  changed.  An  obtuse  angle  retards  less  than  9 
ighl  angle,  and  diis,  less  than  one  that  is  acute.  If  thel 
etardation  occasioned  by  one  angle  be  added  to  that- 
I'hicfa  was  produced  by  another,  the  sum  will  be  found 
greater  than  diat  which  arises  from  bending  the  hori- 
:ontal  tube  in  both  these  angles  at  different  places  at 


I 
I 
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the  same  time.  Yet  the  retardation  occa»(xied  by  • 
change  of  direction  in  different  angles,  successively,  con- 
tinues exactly  the  same,  let  the  order  of  the  angles  of 
change  be  what  it  will.  Let  a  certain  degree  of  recv< 
dation  be  occasioned,  first  by  a  right  angle,  then  by  to 
obtuse  angle,  and  tlien  by  an  acute  angle;  this  retards- 
tion,  and  consequently  the  degree  of  pressure  in  all  &• 
rections,  upwards,  downwards,  and  laterally,  will  coMi 
niie  the  same,  while  the  s;une  changes  of  directi<Ri  ite 
effected  by  the  satne  angles  in  any  other  order. 

From  die  pressure  of  fluids,  we  learn  to  estiinate  their 
momenta,  when  issuing  out  of  holes  in  the  sides  « 
bottoms  of  vessels.  The  momentum  of  force  of  any 
body  in  motion  depends  upon  the  tjuanlity  of  matter  it 
contains,  and  the  velocity  ^vith  which  it  moves.  Tht 
momentum  of  a  fluid  issuing  out  of  a  given  hole,  eitbcr 
in  the  side  or  bottom  of  a  vessel,  is  always  propoititHial 
to  the  square  of  the  velocity,  or  the  square  of  the  fpian- 
tity.  Because  the  quantity  discharged,  from  a  gti^! 
hole,  in  a  given  time,  must  lie  as  the  velocity  of  its  mo- 
tion; and  the  momentum  being  as  the  rectangle  of  the 
quantity  and  vclocitj%  we  may  substitute  the  one  fir 
the  other,  as  they  are  proportional  to  each  other;  tU 
then  the  momentum  "ill  be  as  the  square  of  the  vdo- 
citj',  or  as  the  square  of  the  quantity.  Let  M=:the  mo- 
mentum, Q=the  quantity  of  matter,  and  V=the  vdodqr; 
then  M=QV=VV=QQ. 

The  quantity  of  water  discharged  from  a  given  Wt 
in  a  vessel,  hi  a  given  time,  and  the  velocity  with  whkii     ' 
it  spouts  out,  are,   each  of  diem,  proportional   to  At 
square  root  of  the  depth  of  the  hole  below  the  sur&ce 
of  the  water  in  the  vessel. 

By  the  laws  of  hydrostadcs,  the  pressure  of  a  flux)  k 
proportional  to  the  depth  below  the  surfece,  and  this 
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issure  beinj;  the  cause  of  the  momentum  must  be 
^XMtional  to  it,  as  its  effect;  tlierefore  the  momentum 
35  the  depth  of  the  hole  below  the  surface;  but  the 
omentum  is  also  proportional  to  the  scjuare  of  the  vc- 
ity,  and  to  the  square  of  llie  quaiitit)'  of  matter. 
IKC,  the  vclocitj'  and  quantity  of  the  fluid  discharged, 
:  each  proportional  to  the  square  root  of  the  depth  of 
;  hole,  below  the  surface.  Let  D=lhe  depdi  of  tlie 
le,  then,  M=D=VV=QQ.  Therefore  VD=V=Q. 
The  momentum  or  pressure  on  the  side  or  bottom 
the  vessel,  at  a  given  depth,  is  as  the  area  of  the  part 
linst  which  llie  fluid  presses,  by  the  principles  of 
irostatics.  Ttiereforc  if  A  represent  the  area  of  a  hole 
the  side  or  bottom  of  a  vessel,  M=A,  or  the  momen- 
with  which  a  fluid  spouts  through  two  unequal 
ics,  at  the  same  depth,  are  as  the  areas  of  the  holes. 
ITie  quantities  of  water  spouting  through  unequal 
.CS|  at  the  same  depth,  are  proportional  to  the  areas 

jhe  holes.  Because  the  momenta,  which  dei^end 
aa  the  quantity  and  velocity,  are  as  the  areas,  and 
^use  the  holes  are  supposed  to  be  at  the  same  depth, 

velocity  of  the  fluid  is  the  same  in  both  holes,  or  is 
iven  quantity;  dierefore  A=M=Q.  that  is,  the  quan< 
ss  discharged  through  unequal  holes,  at  the  s^mc 
ptb,  are  as  Uie  areas  of  the  holes. 
The  quantities  of  >vater  spouting  through  unequal 
les,  and  at  unequal  depths,  are  proportional  to  the 
lare  roots  of  the  depths  and  the  areas  of  the  holes, 
cause,  when  the  holes  are  equal,  Q=VD,  or  the 
uitity  is  as  the  square  root  of  the  depth;  and  when 

deptlis  are  equal,  Q=A,  or  the  quantity  is  propor- 
lal  to  the  area  of  the  holes;  therefore,  when  neither 

equal,  Q=Av'D, 
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The  quantities  of  water,  spouting  from  unequal  holes, 
and  at  unequal  depths,  will  be  as  the  velocity  and  am 

of  the  holes  conjointly.  QseAVDitAV,  for  VD=V. 

The  momenta  of  a  fluid  running  through  uneqaal 
holes,  at  unequal  depths,  will  be  as  the  areas  of  the 
holes,  and  the  squares  of  the  velocities.  For  MsQV, 
and  Q=AV.  ITierefore  M=AVV. 

The  velocity  with  which  any  fluid  spouts  out  of  die 
side  or  bottom  of  a  vessel  is  die  same  with  the  velod^ 
which  a  heavy  body  would  acquire  in  falling  from  die 
surface  of  the  fluid  to  the  depth  of  the  hole.  For  die 
uppermost  particle  coming  out  of  a  hole  at  the  suifioe, 
would  have  the  same  velocity,  with  which  a  heavy  body 
begins  to  &1I;  and  we  have  proved  before  that  the  velo- 
city at  any  odier  depth  increases  with  the  square  root 

of  the  depth  of  the  hole,  V=\/D,  just  in  the  same 
manner  that  the  velocities  of  falling  bodies  increase 
with  the  square  roots  of  the  distances.  Thereibrei  M 
any  depth,  the  velocity  of  the  spouting  fluid  is  the  same 
that  a  heavy  body  would  acquire  in  falling  from  tk 
surface  to  the  hole. 

As  the  ratio  between  the  velocities  of  the  spou^ 
fluid  and  the  depths  of  the  holes  is  the  same  widi  At 
ratio  of  the  velocities  to  the  spaces  passed  over  by  bo- 
dies falling  freely  by  the  force  of  gravity,  it  fdOowit 
that  the  spouting  fluid  observes  the  same  laws  nidi 
falling  bodies. 

A  fluid  runs  out  of  a  hole  in  the  bottom  of  a  cjfift- 
drical  vessel  with  a  velocity  that  is  uniformly  retawfc4 
while  the  altitude  of  the  fluid  above  the  hcde  is  40# 
nually  growing  less.  The  velocity  of  an  ascendiqglM^   1 
being  continually  lessened  by  the  constant  aoliiili<^  J 
^^vity,  is  uniformly  retarded,  and  the  velpci|pupMli  J 
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pouting  fluid  observing  the  s;imc  laws,  must  also  "{je 
nifornilv  rttiirdcd.  Ami  tin-  surfiicc  of  die  fluid  in  the 
essel  will  bink  with  n  velocity  uniformly  retarded,  lje- 
luse  the  velocity  of  the  spouting  fluid  is  retarded  in 
le  same  manner.  Hence  also  it  follows,  that 
The  spaces  descriljed  by  the  sinking  surface  of  the 
iiid,  and  the  quantities  disch;irgcd  through  a  hole  in 


le  bottom  of  a  cylindrical  vf: 
Mtions  of  time,  will  be  as 
C.  taken  backwards;  or 


any  separate  equal 

the  o<kl  numbers,  1,3,5,7,9, 

the  odd  numbers,  if  the 


mes  be  taken  backwards,  from  the  emptying  of  the 
!ssel  to  the  beginning;  of  the  discharge.  When  the 
irface  sinks  wiih  a  uniformly  retarded  velocity,  the 
uccs  described  in  equal  times  are  as  the  o<ld  num- 
;rs,  1,3,5,7,  Etc.  taken  backwards,  as  in  the  case  of , 
xlics  falling  freely  or  ascending  perpendicularly:  and, 

the  suriace  sinks  by  the  quantity  discharged,  the,,  4 
lantity  issuing  in  equal  portions  of  lime  must  be  irif 
e  same  ratio  as  the  odd  numbers  tikt'n  backwards,    ,^, 

For  the  same  reason,  the  spaces  described  by  the  , 
nking  surface,  and  the  quantities  discharged  by  a  hole 

the  bottom,  in  unequal  times,  will  be  us  the  squares  , 
'the  times  counted  from  the  time  when  the  vessel  i 
nptv,  to  the  beginning  of  the  discharge.  This  we  haytfJ 
-fore  proved  to  be  ihc  proportion  between  the  time^,_ 
id  spaces  described  by  falling  bodies.  And  die  times  , 

discharge  have  the  same  proportion  to  the  spaces,    J 
issed  over  by  the  sinking  surface  of  the  fluid,  and  also 
I  the  quantity  of  fluid  discliarged  in  the  said  times. 

As  a  falling  body  acquires  such  a  velocity  at  the  end 
'  its  fill,  as  would  carry  it  uniformly  through  double 
le'space  fallen  through,  in  the  same  time;  it  follows, 
lat  if  the  velocity  of  the  spouting  fluid  should  continue 
niform,  double  the  contents  of  the  vessel  would  be 
2F. 
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dlbcliar^^d  ihrouf^h  a  given  hole  in  ilie  bottom,  in  the 
time  that  the  vessel  would  empty  itself,  while  the  ?d(v 
city  is  continually  decreasing,  with  the  decreasing  alti- 
tude of  the  fluid. 

The  times  in  which  vessels  of  equal  heights  would 
empty  themselves  through  equal  holes,  are  iis  the  areas 
of  thfir  bottoms.  If  the  area  of  one  bottom  were  equal 
to  any  muliiple  of  the  other,  as  suppose  ten  times,  then 
would  be  ten  times  as  many  columns,  of  the  same  base 
and  altitude,  in  the  one  as  in  the  other.  You  may  sop- 
pose  that  the  base  of  each  of  these  columns  was  equal  to 
the  area  of  the  hole;  and  then  each  of  the  columns  would 
require  an  equsil  time  to  drop  through  the  hole  at  die 
bottom,  therefore  the  vessel,  whose  bottom  was  ttn 
times  as  large  as  the  other,  would  require  ten  times  ai 
much  time  to  empty  itself  as  the  other  would.  Hence, 
the  times  for  vessels  of  equal  heights,  but  unequal  bot- 
toms, to  empty  themselves  through  equal  holes  In  the 
bottoms,  will  be  as  the  areus  of  the  bottoms.  If  T=the 
time  of  discharge,  and  D=the  diameter  of  the  bottom, 
then  T=DD. 

The  times  of  discharging  vessels  of  equal  heights  and 
equal  bottoms,  through  unequal  holes,  will  be  inversely 
as  the  areas  of  the  holes.  If  the  area  of  one  hole  be  ten 
times  the  area  of  another,  there  will  be  ten  times  as 
many  columns  of  the  fluid  in  one  as  in  the  other,  sap- 
posing  each  of  the  same  base  as  the  hole  through  which 
it  must  pass.  But  each  column  passes  through  its  res- 
pective hole  in  the  same  time,  as  they  are  all  of  the 
same  altitude.  Hence,  the  times  of  emptying  such  ves- 
sels will  be  inversely  as  the  areas  of  the  holes.  T=-^ 

dd 

The  times  of  emptying  vessels  of  equal  bottoms 

through  equal  holes,  but  of  unequal  altitudes,  will  he 


;  square  roots  of  the  alliludes.  As  llie  vessels  Iiave 
ual  bottoms,  aiul  equal  holes,  each  will  contain  an 
equal  number  of  perpendicular  columns  of  the  fluid  of 
the  same  Ijarf,  but  of  diSlrcni  altitudes.  Now  the  time 
of  any  one  of  these  columns  dropping  through  ilie  hole 
under  it  will  be  iis  the  square  root  of  its  length,  by  the 
laws  of  falhng  bodies.  The  same  is  true  of  all  the  co- 
lumns, and  conse(|uently  of  the  sum  of  them.  There- 
fore  the  times  of  emptying  such  vessels  will  be  as  the 
squ:tre  roots  of  their  aUiludcs.  For  if  we  multiply  the 
terms  of  this  ratio  by  the  number  of  columns  of  the 
Buid,  or  any  other  given  number,  the  ratio  will  still  be 
ibc  same.  If  there  were  ten  columns  of  the  fluid  in 
each,  of  the  same  base  ivitli  the  area  of  the  hole,  ten 
times  the  time  of  one  passing  out,  would  be  the  time  of 
emptying  tile  vessel,  and  Uiis  is  proportional  to  ten 
times  the  square  root  of  the  altitude,  or  proportional  to 
the  square  root  of  the  altitude  :  T=v'A.   Hence,  all  be- 

.        ..„  „.    DDi/A 

me  different,  i  =- — pr — . 
-  dd 

Hence  it  is  easy  to  compute  the  time  of  emptying 
any  vessel  through  a  given  hole,  by  first  determiuijig, 
from  die  laws  of  falling  bodies,  tlie  lime  of  discharging 
one  |>er|)endicutat  column  of  the  fluid,  of  the  same  base 
with  the  area  of  the  hole,  and  then  multiplying  this  by 
ihe  number  of  such  columns  in  the  vessel. 

If  a  tube  be  inserted  in  the  bottom  of  a  vessel,  it  will 
empty  the  vessel  in  much  less  time,  than  a  bare  hole  in 
the  bottom  could  do;  as  the  velocity  of  the  spouting 
fluid,  which  is  always  proportionable  to  the  square  root 
of  the  altitude,  is  thereby  greatly  increased. 

As  both  the  velocities  of  a  spouting  fluid  tlirough  a 
given  hole  in  the  side  or  bottom  of  a  vessel,  and  the 
limes  of  emptying  cylindrical  vessels  of  equal  bottoms 
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tlirough  a  given  hole  in  the  bottom,  are  always  pro- 
portional to  the  square  roots  of  the  altitudes'  of  the  fluid 
abo\i-  the  hole;  which  is  the  proportion  of  the  ordinales 
of  the  piiTdbola  to  their  corresponding  abscissae;  it  is 
evident,  that  the  ordinates  of  a  psuabola  ivill  express 
both  the  velocities  of  the  spoiiliiig  fliiid,  and  the  times 
of  emptying  such  vessels,  when  tlie  abscissae  of  these 
ordinales  express  the  altitudes  of  the  fluid  above  me 
hole. 

If  a  semicircle  be  described  upon  the  perpendtcullt 
altitude  of  a  vessel  full  of  water,  as  a  diameter,  and  in 
ordinate  be  drawn  parallel  to  the  horizon  from  a  hole 
in  the  side  of  the  vessel,  from  ivhich  the  water  spouts 
horizontally,  the  said  ordinate  will  be  equal  to  half  tlie 
distance  to  which  the  water  will  s|>out.  Because  & 
Space  passed  bver  by  a  bod)'  in  motion  is  ecjiial  to  »e 
rectangle  of  the  velocity  and  the  time,  when  tJic  motion 
is  uniform,  as  the  horizontal  velocity  of  the  spouting 
ivater  is.  But  the  velocity  of  the  water,  being  the  satBe 
that  a  heavy  body  would  acqliire  in  falling  from  the 
surface  of  the  ivatcr  to  the  holt;,  is  proportional  to  the 
square  root  of  the  said  distance;  and  as  the  acquired 
velocity  would  earn,-  it  over  twice  the  said  distance  in 
the  limes  of  falling,  the  velocitj'  is  equal  to  twice  the 
square  root  of  liic  said  distance  from  the  surface  to  tbt 
hole;  and  ihe  time  of  flight,  until  the  water  reaches  ihe 
horizon,  is  the  same  that  a  heavy  body  would  take  to  611 
from  the  hole  to  the  horizon,  or  tlirough  ihe  remainder 
of  the  diameter  of  the  circle  below  the  hole,  and 
fore  is  proportional  to  the  square  root  of  the  sail 
mainder  of  the  diameter.  Now  the  horizontal  di; 
to  which  the  water  spouts,  being  equal  to  the  rectanf 
of  the  velocity  and  time,  is  equal  to  twice  the  square 
root  of  the  depth  of  the  hole,  multiplied  by  the  square 
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tot  oi  the  altiiucic  uF  llic  hole  above  the  horizon, 
Jiicli  reciaiiglu  is  cq)jal  to  twiije  tl^e  said  ordinate,  per 
,  li.  6. 

^ence,  as  tlie  greatest  ordinate  is  dnnvn  from  ll(c 
uiter,  and  two  olhtTS  can  be  drawn  equal  to  each 
her,  at  equal  dislancLS  above  and  below  the  center;  it 
lUqwa,  tliat  the  water  will  spout  to  the  greatest  hori- 
3itlal  (tislance  from  a  holi;  in  the  middle,  and  to  the 
Line  distance  hom  tw u  lioics,  at  equal  distances  above 
id  below  the  middle. 

The  motion  of  a  spouting  fluid  is  every  >vay  similar 
r,that  ofa  projectile,  and  the  curve  in  w,hich  it  moves 
.  a  parabola;  because  it  is  acted  upon  by  two  forces, 
iz.  gravity,  and  the  pressure  of  the  v\ater  ii;  the  vessel, 
hich  gives  the  spouting  water  a  uniform  horizontal 
;Iocit}'.  The  height  of  the  water  abo\'e  the  hole  is  the 
npetus  of  the  projection,  wluch  is  always  equal  to  one 
urth  of  the  lutus  rectum  of  the  parabola  described; 
id  may  be  easily  found  by  dividing  the  square  of  the 
[stance  to  «hich  the  water  spouts  ,by  the  altitude  of 
le  hole  above  die  horizon:  the  quotient  Is  die  latus 
■ctum,  or  four  times  the  impetus  or  height  of  the  \va- 
r  above  the  hole.  But  It  is  needless  here  to  repeat  wliat 
e  have  demonstrated  already  concerning  the  motion  of 
rojcctiles. 

By  the  properties  of  fluids  in  motion  already  deliver- 
'],  we  are  able  to  estimate  the  ibrcc  that  circulates 
le  fluids  in  the  human  body,  which  is  probably  the 
lost  compounded  hydraulic  machine  in  nature:  such 
i  the  force  of  lesilition,  in  the  blood  spouting  from  the 
eins  and  arteries  in  bleeding;  the  force,  that  caiTic'i  the 
byle  up  die  thoracic  duct  to  the  left  subclavian  vein,  or 
le  (brce  by  which  the  blood  ascends  from  the  feet  to 
le  heart.  To  give  only  one  example:  let  a  principal 
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artery  in  a  living  animal  be  cut,  and  the  velocity  of  t 
blood  moving  in  it  is  shewn  by  the  perpendicular  htig 
to  which  it  would  rise  in  a  tube  inserted  in  the  artei 
In  short,  there  is  nothing  in  the  circulation  of  the  fliu 
in  the  animal  economy,  that  can  be  understood  withe 
an  acquaintance  with  the  laws  of  motion  in  fluids. 

In  the  foregoing  propositions,  we  have  considered  1 
cases  of  spouting  fluids,  only  where  the  force  that  drii 
them  out  is  the  pressure  of  the  fluid  contained  in  t 
vessel,  from  whence  they  spout.  A  continued  stream 
much  greater  force  may  also  be  produced  by  the  el 
ticity  of  air  compressed  upon  the  surface  of  the  flu! 
as  in  fire-engines,  constructed  for  the  purposes  of  ezd 
guishing  fire  in  a  city.  The  water  is  forced  by  a  pist 
into  a  close  vessel  filled  with  air,  until  the  air  is  sul 
clentlv  condensed  on  its  surface;  and  when  the  ur  u 
liberty  to  expand  itself  by  its  elastic  spring,  it  will  pi 
ject  the  water  in  a  continued  stream  to  the  tops  of  c 
highest  houses^  The  common  fire-engines  are  a 
structed  with  two  forcing  pumps,  each  communicati 
with  an  air- barrel  fixed  between  ihem,  at  which  plac 
there  are  two  valves  opening  inwards  in  the  air.\-ess( 
at  the  bottoms  of  the  pump- barrels  are  also  tw^o  valv 
opening  upwards,  as  in  the  common  pumps,  near  t 
surface  of  the  water  in  the  trough.  The  pistons  of  t 
pumps,  without  any  valves  in  them,  descend  down 
these  valves,  and  when  they  are  raised,  the  water  fi 
lows  them  by  the  pressure  of  the  external  air,  to  fill  tl 
vacuum  made  by  the  piston,  while  the  spring  of  the  a 
in  the  air-vessel  shuts  the  valve  that  is  in  it,  and  pr 
vents  the  air  from  following  the  piston.  When  the  pi 
ton  descends,  it  shuts  the  valve  in  the  pump*barrel  an 
opens  that  in  the  air-vessel,  so  that  the  water  that  «i 
raised  in  the  pump,  is  thereby  forced  into  the  AJf^ 
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and  condenses  the  air  on  its  surface.  The  pistons  are 
fixed  to  opposite  ends  of  a  lever,  worked  -by  men,  so 
that  while  one  is  ascending  the  other  is  descending, 
and  the  water  is  continually  pressed  into  the  air- barrel. 
Through  the  top  of  the  air-vessel  a  pipe  passes  down 
to  the  water  in  it,  and  the  water  by  the  spring  of  the 
air  on  its  surface,  is  forced  up  through  this  pipe,  and 
by  means  of  proper  joints  in  it,  is  thrown  in  any  direc- 
tion, at  pleasure. 

There  is  also  another  fire-engine,  so  called  from  its 
being  worked  by  fire,  for  the  purpose  of  working  a 
number  of  common  pumps,  to  raise  water  out  of  mines, 
&c.  The  immediate  cause  of  motion  in  this  machine 
is  the  spring  of  elastic  vapour,  and  the  weight  of  the 
atmosphere,  acting  alternately.  The  machine  is  thus  con- 
structed. Over  the  mouth  of  a  large  copper  boiler  is 
fixed  a  large  hollow  cylinder,  in  which  a  piston  plays, 
without  any  valve.  This  piston  is  fixed  to  one  end  of  a 
large  lever,  while  a  number  of  pistons  of  common 
pumps  is  fixed  at  the  other  end  of  it.  The  piston  over 
die  boiler  is  raised  by  the  force  of  the  elastic  steam  ri- 
sing fi*om  the  boiler,  as  soon  as  its  elasticity  is  more 
than  suificient  to  counterbalance  the  weight  of  the  at- 
mosphere above  it,  and  the  pistons  of  the  pumps  de- 
scend.  But  when  the  piston  over  the  boiler  rises  to  a 
sufficient  height,  it  opens  a  cock  to  let  into  the  cylinder 
a  small  jet  of  cold  water,  to  convert  the  vapour  into 
water  again;  and  then  the  weight  of  the  atmosphere 
presses  the  piston  over  the  boiler  down  again,  while 
the  other  end  of  the  lever  raises  the  pistons  of  the 
fumps.^ 

*llBiiy  important  improvements  have  of  late  years  been  made 
nr  iteam'Cngine^  particularly  by  Messrs.  Roulton  and 


OF  THliTlDl-.S, 

AnotheIi  cause  of  motion  in  water  is  the  attractive 
force  of  the  siin  and  moon,  producing  that  altcmae 
swell  and  depression  of  the  surface  of  the  sea  and  rivers, 
which  i\-f  call  the  tides  of  flood  and  of  ebb,  and  whkh 
;ire  next  to  be  explained. 

The  tid(.'5  principally  depend  on  the  attraction  of  d* 
moon,  though  in  some  measure  upon  die  attraction  €f 
the  sun.  Tlie  waters  of  the  ocean  being  attracted  bjrtiit 
moon,  with  a  force,  uhich  is  inversely  as  the  squara 
of  die  distances  ii-om  the  moon,  they  must  have  thdt 
tjravity  towards  the  earth  in  some  measure  diminislwl 
on  the  side  next  to  the  moon;  and  as  this  diminution  of 
gravity  must  be  greatest  on  the  side  next  to  the  moon, 
the  waters  must  stand  highest  from  the  center  of  the 
earth  on  that  side,  and  tlureby  make  what  is  called  a 
tide  of  flood,  or  liigh  water:  and  at  90  distance  all  round 
this  protuberance,  the  water  will  be  lowest,  and  therd^ 
constitute  the  tide  of  ebb,  or  low  water,  because  theA 
the  attraction  of  the  moon  in  some  measure  con!>pire% 
with  the  attraction  of  the  earth,  and  thert-bj'  brings 
them  nearer  to  the  earth's  center.  On  the  opposite  iUe 


Walls  in  England.  Their  principal  impruvcmeni 
(lensing-  the  iieam  in  a  vessel  appropriated  for  that  purpose,  bis 
which  ihe  sicam  paues,  by  mtans  of  a  luhe,  from  [lie  prlncipd 
cylinder.  This  condensing  vessel  is  furnished  with  two  siad 
pumps;  one  for  the  purpose  of  extracting  the  air,  and  the  olbr 
for  that  uf  extracting  the  water  produced  from  the  condcQwd 
^icam.  In  some  of  their  steam-engines,  the  steam  acit  only  on  tkt 
uiider  side  of  the  piston,  the  upper  si<Ic  [>ein^  exposed  (o  tkB 
counteraction  of  the  atmosphere;  in  oiliers.  the  sleiiiii  acts,  allW* 
nately,  on  tiotti  sides  of  the  piston,  the  action  uf  the  ainio!i|diete 
heing  entirely  excluded  by  an  air-tighi  stufBng  round  the  [ristoo- 
lod.— /;-/. 
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of  tlie  earth,  there  is  also  a  tide  of  flood,  at  the  same 
time.  As  the  whole  globe  of  earth  and  water  is  attracted 
yy  the  moon  with  different  forces,  decreasing  as  the 
squares  of  the  distances  increase,  the  water  on  the  side 
rf  the  earth  opposite  to  the  nuxm,  will  be  less  attracted 
han  the  center  of  Ae  earth,  on  account  of  its  greater 
^stance,  and  therefore  may  be  considered  as  left  behind, 
XI  stand  highest  from  the  center;  and  this  occasions 
mother  tide  of  flood  opposite  to  the  former.  By  this 
means,  the  waters,  which  aiuround  the  earth,  will  put 
on  the  figure  of  a  prolate  spheriod,  whose  greater  axis 
pcMnts  towards  the  moon;  and  as  the  earth  revolves 
round  her  axis,  so  as  to  bring  any  place  under  the  mocm 
once  in  every  24|  hours,  it  follows,  that  we  must  have 
two  tides  of  flood  and  two  of  ebb  in  that  space  of  time. 

ITie  greatest  height  of  the  water  is  not  exactly  when 
die  moon  is  on  tl)e  meridian  of  a  place,  but  about  three 
hours  after;  as  the  longer  axis  of  the  spheroidal  figure 
of  the  water  does  not  point  exactly  to  the  moon,  but  to 
the  eastward  of  it.  The  reason  is  this:  although  the 
fcroe  of  the  moon  to  raise  the  water  is  greatest  when 
Ae  is  in  the  zenith  or  nadir;  yet  her  force  begins  to 
act  before  she  comes  to  these  points,  and  continues  to 
act  after  she  has  f)assed  them;  and  as  long  as  this  force 
continues,  the  water  will  continue  to  rise,  which  will 
be  about  three  hours  afterwards.  And  for  the  same  rea- 
son, the  tide  of  ebb,  which  is  six  hours  after  the  flood, 
will  happen  when  the  moon  has  been  set  about  three 
hours.  As  the  moon  comes  to  the  meridian  of  any  place, 
Aout  three  quarters  of  an  hour  later  on  any  day,  than 
on  the  preceding  day,  the  tides  must  be  so  much  later 
also. 

The  greatest  swell  of  water  following  the  path  of  the 
moon,  when  she  is  in  the  northern  signs,  the  tide  ^ 
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flood,  whicli  comes  with  the  moon  to  the  meridian  of 
any  place  in  northern  latitudes,  will  be  greater  than  the 
tide  which  comes  to  the  same  place  12  hours  after* 
wards:  because  the  greatest  altitude  of  this  latter  tide 
will  be  in  south  latitude,  directly  opposite  to  the 
moon.  The  contrary  happens  when  she  is  in  any  ctf  the 
southern  signs,  with  respect  to  any  places  that  are  nofti^ 
of  the  equator;  for  the  latter  tide  will  then  be  the  great- 
est. This  is  evident  from  a  bare  inspection  of  a  globe. 

If  to  the  force  of  the  moon  we  add  that  of  the  sun, 
the  tides  must  be  greatest  at  the  conjunctions  and  op- 
positions of  the  sun  and  moon,  as  their  attractions  con- 
spire at  that  time  to  raise  the  water,  and  these  are  called 
the  spring  tides;  but  when  the  sun  and  moon  are  in  the 
quadratures,  the  tides  are  least,  as  their  forces  are  then 
contrary  to  each  other,  the  effect  of  the .  one  being  to 
raise,  while  that  of  the  other  depresses  the  water.  These 
are  called  neap  tides. 

The  spring  tides  are  therefore  produced  by  the  sum 
of  die  attractive  forces  of  the  sun  and  moon,  but  the 
neap  tides  by  the  diflference  of  their  attractions.  Wc« 
their  forces  equal,  there  would  be  no  neap  tides^  be- 
cause the  sun  would  depress  the  waters,  as  much  as 
they  are  raised  by  the  action  of  the  moon.  But  we  find 
that  the  neap  tides  rise  in  the  open  ocean  about  7  kd, 
while  the  spring  tides  rise  about  11  feet:  consequcndji 
their  forces  to  raise  the  tides  are  to  one  another  as  two 
numbers,  whose  sum  is  11,  and  whose  difference  is  7; 
and  these  two  numbers  are  9  and  2;  and  as  all  the  tides 
follow  the  moon,  its  power  must  be  greater  than  tbit  .: 
of  the  sun  in  the  proportions  of  9  to  2.  C 

Although  both  the  sun  and  moon  raise  the  water  by    ' 
their  attractive  force,'  they  will  not  produce  four  sepa- 
rate tides  of  flood  in  each  day,  but  only  two;  for  at  tk 
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conjunctions  and  oppositions  they  would  raise  the  water 
in  the  same  plact-,  and  at  the  same  time;  and  the  same 
will  be  the  efiect  of  their  contrary  attractions  at  the 
quadratures,  where  the  sun's  attraction  would  make 
low  water,  while  the  moon's  would  make  a  tide  of  flood 
in  the  same  place,  and  therefore  the  sun  only  prevents 
the  flood  from  being  as  high  as  it  would  otherwise  be 
by  the  single  attraction  of  tlie  moon.  Nor  will  they  pro- 
duce separate  tides  at  any  intermediate  distance  bet\veen 
the  syzygies  and  quadratures;  for  although  they  »vould 
by  their  separate  forces  raise  tides  in  different  placts  at 
the  same  time;  yet  their  joint  effect  will  be  only  to  has- 
ten or  retard  the  lime  of  high  water,  accoi"ding  as  the 
sun  or  moon  passes  the  meridian  first,  or  by  opposite 
meridians,  in  the  following  manner. 

\Vhen  the  moon  is  passing  from  conjunction  or  op. 
position  to  the  quadrature,  she  passes  the  meridian  alter 
the  sun,  and  the  time  of  high  water  will  be  sooner  than 
three  hours  after  the  moon's  passage  over  the  meridian: 
but  when  she  is  passing  from  the  quadrature  to  the 
exjunction  or  opposition  she  passes  the  meridian  before 
the  sun,  and  the  time  of  high  water  will  be  retarded, 
and  be  more  than  three  hours  after  her  passing  the  me- 
ridian.  Their  joint  effect  will  produce  one  common  tide 
between  the  places,  where  each  of  them  would  produce 
high  water  by  their  separate  forces,  which  occasions  the 
acceleration  and  retardation  of  the  times  of  high  water, 
bringing  on  the  tides  of  flood  sometimes  sooner,  and 
sometimes  later,  than  three  hours  after  the  moon's  pas- 
sage over  die  meridian.  The  greatest  tides  are  not  at 
the  time  of  the  conjunction  or  opposition,  but  about 
three  tides  afterwards.  Although  the  sun  and  moon  act 
with  the  greatest  force  at  tiie  syzygies,  and  therefore 
:  the  highest  tides  at  these  times;  yet  we 
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must  remember  that  any  motion  communicated  to  vh 
tcr  wlU  continue  for  some  lime  aflcr  the  moving  font 
ceases  to  act;  as  the  waves  of  the  sea  raised  by  a  sttra 
continue  after  the  storm  is  over.  And  M"  at  the  six^ 
both  should  cease  to  act,  the  tide  would  not  thin  iit 
stantly  cease,  but  the  water,  subsiding  by  its  own  gn- 
vity,  would  acquire  such  a  velocity  as  would  canyil 
below  its  proper  level,  and  diereby  cause  it  to  rise  aj^ 
a1x)ve  it;  and  the  force  of  the  sun  and  moon,  in  tha 
subsequent  returns  to  the  meridian,  conspiring  withifaii 
tendency  of  the  water  to  rise,  will  occasion  a  gnsV 
swell  in  the  second  or  third  tide  after  the  sjzygy.  Hcnot, 
the  greatest  tide  will  be  some  time  after  the  conjunction 
and  opposition:  but  it  cannot  be  long  after,  becausctlK 
moon  passing  towards  the  quadratures  begins  to  COW!' 
teract  the  force  of  the  sun,  and  thereby  to  lessen  dt 
tides. 

T«'o  verj-  great  spring  tides  never  follow  each  olbo 
at  the  conjunction  and  subitquent  opposition.  Fa 
should  the  moon  be  in  her  pt-ngee  or  nearest  distance 
to  the  earth  at  any  conjunction  with  tlie  sun,  when  ho 
force  to  raise  the  water  is  greatest,  at  her  next  c^jposj- 
tion  she  will  be  at  her  apogee,  where  her  influence  is 
least:  and  therefore  die  spring  tide  at  dial  oppoutioi 
will  not  be  so  high  as  at  die  preceding  conjunctioo. 

In  winter,  the  spring  tides  are  greater,  and  the  MB 
rides  are  less,  than  in  summer.  Because  the  sun  is  neanr 
to  the  earth  in  winter  than  in  summer,  and  his  infiuena 
to  raise  the  tides  is  greater  in  proportion  to  his  neamM 
to  the  eardi.  Now,  as  the  spring  tides  are  produced  bf 
the  joint  influence  of  the  sim  and  moon,  they  must  be 
greatest,  when  the  force  of  the  sun  is  greatest,  tile 
moon's  force  being  sup))osed  to  be  the  same.  And,  ■ 
the  ne^  tides  lut:  produced  by  the  diilerence  of  ^»m 


srces,  they  must  be  less,  as  the  force  of  the  sun  iii- 


The  force  of  the  sun  or  moon  to  raise  a  tide  is  great- 
St,  when  ihey  are  in  the  equator,  and  decreases  gra- 
tially  as  they  approach  towards  the  poles,  where  nei- 
>er  of  them  could  produce  any  tide  at  all. 

The  spring  tides  are  the  greatest  and  tlie  neap  tides 
re  die  least  about  the  equinoxes.  At  the  equinoxes,  the 
tin  is  in  the  equator,  where  his  force  is  greatest,  and 
ie  moon  either  in  it  or  not  far  from  it,  as  she  is  never 
Bore  than  about  5^  degrees  from  the  ecUptic;  therefore 
be  spring  tides  are  tiien  greatest.  But  the  neap  tides 
leing  produced  by  the  difference  of  their  forces  at  the 
[Uadratures,  when  the  sun  is  in  the  equator  the  moon 
rill  be  at  or  near  to  one  of  the  tropics,  where  her  in- 
luence  is  least.  Therefore  the  neap  tides  at  this  time  of 
lie  year  ought  to  be  least,  especially  when  we  reflect 
liat  the  moon  has  much  the  greatest  influence  in  pro- 
lucing  the  tides. 

The  highest  spring  tides  and  the  lowest  neap  tides 
re  not  precisely  at  the  equinoxes,  but  sometime  before 
be  vernal  equinox,  and  sometime  after  the  autumnal 
quinox.  They  ought  to  be  highest  about  the  winter 
dstice;  as  the  sun's  approach  towards  the  earth  makes 
us  force  to  raise  the  tides  greater  at  that  time  than  at 
iny  other,  so  far  as  it  depends  upon  his  distance  from 
he  earth.  But  they  also  ought  to  be  liighest,  when  both 
urainaries  are  in  or  near  to  the  equator,  at  the  time  of 
be  equinoxes.  But  as  they  cannot  be  highest  at  both 
hese  times,  they  must  attain  to  their  greatest  altitude 
It  some  intermediate  lime  between  the  winter  solstice 
Jid  the  equinox;  that  is,  before  the  vernal,  and  after  the 
lUtumnal  equinox.  And  for  the  same  reason,  the  neap 
r  which  accompany  these  tides  of  flood,  will  also 


I 


230 
be  lowest  about  thes6  times;  because  tbejr  are  produced 
by  the  diifinnce  of  force  in  the  sun  and  moon;  and  as 
the  sun's  force,  which  is  the  lesser  of  the  two,  increases 
at  these  times,  both  on  account  of  his  nearness  to  ibe 
earth  and  his  being  in  tlie  equator,  the  diJference  b^ 
tweeii  their  forces  will  then  be  least,  and  so  produce 
the  Ifast  neap  tides. 

The  tide  of  flood,  which  is  raised  under  the  sun  ot 
moon,  will  be  something  greater  than  that  which  is 
raised  at  the  same  time  on  the  opposite  side  of  tlie  earth, 
on  account  of  the  greater  attraction  of  the  ivater  nearest 
to  these  luminaries. 

This  is  the  general  theory  of  the  tides  in  the  tjpai 
ocean;  but  the  situation  of  lands  and  rivers  will  make 
very  considerable  alterations,  both  in  the  limes  and  al- 
titudes oi'  the  tides  at  particular  places.  As  whenlfac 
tide  has  lo  pass  along  a  large  river,  which  receives  8 
great  quantity  of  water  at  its  mouth,  but  afto'waidl 
grows  narrow  and  confined  towards  its  source;  it  wiB 
rise  to  a  E'^^atcr  altjuide  than  in  rfie  open  sea,  and  Ae 
time  of  high  water  will  be  later;  as  in  the  bay  of  Fundi^ 
and  the  Bristol  channel,  where  the  tide  is  said  to  rise 
70  tL-et,  and  the  time  of  high  water  will  lie  later  as  the 
length  of  the  river  or  bay  is  greater. 

Should  t^vo  tides  come  Irom  different  seas,  to  any 
port,  at  the  distance  of  six  hours  after  one  another, 
when  it  should  be  high  water  by  one,  it  will  be  low  l^ 
the  odier.  Tliere  will  be  therefore  no  rising  or  sinking 
of  the  surface  of  the  water,  because  one  tide  will  sup[iy 
the  water  as  fait  as  the  other  carries  it  off.  But  as  there 
will  be  more  water  brought,  when  the  moon  is  above 
the  horizon,  than  when  she  is  under  it,  there  will  be  a 
difference  of  altitude  in  the  water  every  twelve  bouis. 
which  will  make  one  tide  of  flood  and  one  of  ebb^  even 
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iwcnty-four  hours.  It  is  upon  the  same  principles  tliat 
we  account  for  tliu  ticks  und  half  tides,  as  they  are  call- 
ed.  in  different  places,  where  a  tide  from  one  part  of 
tf»e  sea  is  brought  to  any  place,  when  the  tide  from  ano- 
ther part  is  half  spent,  arising  from  the  distance  from 
which  the  water  must  come  to  raise  a  small  tide  in  the 
middle  of  the  ebb. 


MOTION  OF  ELASTIC  FLUIDS. 

Whew  water  is  converted  into  steam  by  heat  it  be- 
comes extremely  elastic,  and  if  confined  will  exert  a 
prodigious  force,  as  is  evident  from  the  eolopile.  This 
is  a  small  vessel  made  with  an  incnrvated  neck,  that  it 
may  direct  the  steam,  issuing  from  it  through  a  narrow 
fHifice,  to  the  fire  which  converts  the  water  it  contains 
into  vapour,  and  blows  it  like  a  pair  of  bellows.  In  using 
this  instrument,  great  care  must  be  taken  to  keep  the 
orifice  open,  tor  should  it  happen  to  be  closed,  the  ves- 
sel would  burst  with  a  loud  explosion,  and  possibly 
prove  fatal. 

VVc  have  already  taken  notice  of  the  advantage  diat 
may  be  derived  from  this  elastic  fluid,  in  the  working 
of  fire  or  steam-engines,  for  raising  water  from  mines, 
&c.  and  future  experience  may  derive  many  other  ad- 
vantages i'rom  it. 

Air  is  also  an  elastic  fluid  much  more  beneficial  to 
mankind,  whose  motion  exhibits  various  phenomena, 
the  principal  of  which  we  must  now  explain. 

Upon  the  ehisticity  of  the  air  depends  the  operation 
of  the  air-pump,  by  which  it  may  be  almost  totally  ex- 
tracted from  any  vessel.  Its  construction  is  on  the  same 
principles  "itii  those  of  a  common  pump,  which  we 
have  already  explained. 
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If  tlie  barrel  of  the  air  pump  communicate  with  J 
close  vessel,  wlien  the  piston  is  raised  up  from  tht 
lower  valve,  the  elastic  force  of  the  air  in  the  vessel  will 
open  this  valve,  and  part  escaping  through  it  will  follow 
the  piston  and  fill  the  barrel  of  the  pump;  iind  as  it  oc- 
cupies a  much  larger  spiice  than  before,  it  must  be 
considerably  rarefied.  As  the  piston  descends,  it  con- 
denses the  air  in  the  barrel,  and  thereby  shuts  the  lowo 
valve,  U'hich  prevents  its  return  to  the  vessel,  and  when 
it  becomes  more  dense  than  the  external  air,  it  »tE 
open  the  ^alve  of  the  piston  and  escape  through  it,  auJ 
mix  with  the  common  air.  Thus  by  the  working  of  the 
pump  any  assigned  degree  of  rarefaction  may  bc  pro- 
duced in  the  air  in  the  vessel,  which  is  commonly  called 
the  receiver.  But  the  whole  of  the  air  in  the  recciw 
can  never  be  extracted,  so  as  to  constitute  an  absohiie 
vacuum;  because  the  expulsion  of  the  air,  at  every 
stroke  of  the  pump,  is  effected  by  the  spring  or  elasti- 
city of  what  remains  in  the  receiver. 

If  the  valves  of  the  air  pump  be  made  to  open  tlic 
contrary  way,  it  becomes  the  condenser,  by  which  an 
additional  quantity  of  air  may  be  pressed  into  any  ves- 
sel, until  the  increased  spring  of  the  condensed  air  be 
at  last  sufficient  to  burst  the  vessel.  In  this  instrument, 
the  ascent  of  the  piston  closes  the  lower  valve,  and  pre- 
vents the  air  in  the  vessel  from  following  the  pistixi, 
while  the  weight  of  the  atmosphere  opens  the  v^vt  of 
the  piston,  and  presses  the  air  through  it  into  the  barrel 
of  the  condenser,  which  by  the  descent  of  the  pistcn  is 
pressed  into  the  vessel. 

If  air  be  sufficiently  condensed  by  such  an  instni- 
mcnt  in  a  tight  vessel,  wliich  may  communicate  at 
pleasure  with  the  barrel  of  a  gun,  by  means  of  a  trig- 
jjer,  it  ^vill,  by  its  elastic  force,  when  at  liberty  to  ex- 


pand,  jirojccl  a  Iwll  witli  great  force,  and  answer  the 
purpose  of  powdci .  This  is  called  the  air-gun. 

WIND. 

Wind  is  a  stream  of  air;  or  air  in  motion.  The  natu- 
ral state  of  this  fluid,  as  well  as  of  all  others,  is  rest; 
which  it  endeavours  to  keep,  or  to  retrieve,  when  lost, 
by  a  universal  equilibrium.  When  this  natural  equili- 
briuni  is  lost,  by  any  cause  whatever,  there  must  of 
consequence  be  a  motion  of  all  the  circumjacent  air  to- 
wards the  point  where  it  is  destroyed,  to  restore  it 
again.  And  this  motion  is  what  we  mean  by  wind. 

Various  are  the  causes  of  particular  winds:  but  the 
roost  common  and  principal  causes  are  heat  and  cold; 
the  first,  by  rarefying  the  air  and  making  it  lighter;  and 
the  last,  by  condensing  and  making  it  heavier.  When 
the  atmosphere  is  more  rarefied  by  heat  in  one  place 
than  in  another,  the  heated  air  will  ascend,  and  the  colder 
and  more  condensed  air  will  rush  in  from  every  other 
quarter.  When  the  air  in  a  room  is  heated,  the  external 
air,  which  is  cooler,  will  force  itself  into  the  room 
through  any  aperture,  and  thereby  produce  a  stream.* 
The  pressure  on  the  outside  will  be  greater  than  on  the 
inside;  and  the  air,  being  a  fluid,  will  move  in  the  direc- 
tion of  the  greatest  pressure,  until  the  equilibrium  be 
restored.  Therefore,  when  any  part  of  the  atmosphere 
is  more  rarefied  than  another,  the  denser  air  will  rush 
in  to  that  part,  as  it  will  press  more  in  that  direction 


*  When  the  air  is  heated  in  a  room  without  a  chimnej,  its 
elasticity  being  increased,  will  produce  a  current  outwards,  through 
any  aperture  or  crevice;  but  when  heated  in  a  room  having  a  chim- 
ney, iLe  heated  air  will  ascend,  and  it^  place  will  be  supplied  from 
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ihaii  in  any  otiier,  and  thereby  prcxiuce  a  u-ind.  'I'he 
current  of  air  through  a  broken  pane  of  gUiss,  into  a 
heated  room,  is  a  sufficient  proof  of  this  position.  Il 
may,  however,  be  rendered  still  more  evident  by  an 
easy  experiment.  If  ;i  water  plate  be  filled  with  vratm 
water,  and^ilaced  in  a  tub  of  cold  water;  and  if  a  light- 
ed candle  be  blown  out,  and  the  smoking  wick  be  bdd 
over  the  cold  water,  the  smoke  will  move  towards  die 
heated  air  over  the  plate  and  ascend  there.  But  you  vriQ 
see  a  contrary  motion  of  the  smokt ,  if  the  expcrimenl 
be  reversed,  by  filling  tlie  plate  with  cold  water,  and 
placing  it  in  a  tub  of  warm  water. 

The  whole  torrid  zoiie,  which  bounds  the  apparent 
annual  course  of  the  sun,  will  have  the  air  in  it  cooa- 
derably  rarefied  at  different  seasons  of  die  year,  accord- 
ing as  the  sun  is  north  or  south  of  the  equator,  bj 
receiving  a  greater  quantity  of  his  direct  rays,  than  any 
other  part  of  tl>e  atmosplierc.  The  point  of  greatest  rare- 
faction will  not  be  direcUy  under  the  sun,  but  aboul 
three  hours  to  the  eastward  of  him,  and  in  his  diurnal 
path;  because  every  body  requires  some  time  to  be 
heated,  and  does  not  instantaneously  receive  the  great- 
est degree  of  heat  il  is  capable  of  sustaining.  This  point 
of  greatest  rarefaction  following  the  sun  in  his  daily 
motion,  will  continually  shift  its  place  towards  the  west 
ward,  heating  the  western  air,  and  leaving  the  eastem 
air  to  cool.  I'o  this  point,  wherever  it  is,  the  colder  air 
will  continually  rush  in,  to  restore  the  equilibrium  of 
the  atmosphere,  from  the  north  and  south,  the  east  and 
west.  But  the  current  from  the  south  will  beoverborae 
by  the  current  from  the  north,  while  the  sun  is  north 
of  the  equator;  as  the  air  is  more  Iieated  between  tbc 
tropics  arMl  south  of  the  point  of  greatest  rarefaction, 
than  on  the  north  side  of  the  tropics.  The  contrBjy  hap- 
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pens,  when  the  sun  is  on  the  south  side  of  the  equator, 
and  for  the  same  reason;  the  current  of  air  from  the 
south  prevailing  over  that  from  the  north;  so  that  from 
the  vernal  to  tlie  autumnal  equinox  there  will  be  a  north 
wind,  and  from  the  autumnal  to  the  vernal,  there  will 
be  a  south  wbd  towards  the  point  of  greatest  rare&c- 
tion.  And  as  this  point  follows  the  apparent  motion  of 
the  sun  from  east  to  west,  while  the  sun  gradually  heats 
the  western  air  and  su&rs  the  eastern  air  to  cool,  it  fol- 
lows, that  the  eastern  current  will  prevail  over  tlie  west- 
ern, and  thereby  generate  an  east  wind.  But  the  nortli 
and  east  winds,  when  compounded  together,  will  pro- 
duce a  northeast  wind,  while  the  sun  is  on  the  noith 
side  of  the  equator,  which  will  blow  for  six  months.  In 
like  manner,  the  currents  of  air  from  the  south  and  east, 
when  compounded  tc^ther,  while  the  sun  is  south  of 
the  equator,  will  generate  a  southeast  wind  for  the  other 
six  months  of  the  year.  These  are  called  trade  winds, 
from  their  great  utility  in  trade  and  navigation. 

This  theory  we  find  verified  in  the  Adantic,  Pacific, 
and  Ethiopic  oceans.  In  these  seas,  we  find  a  wind 
blowing  either  from  the  northeast  or  southeast  through 
die  year,  which  extends  to  about  SO  degrees  on  each 
ade  of  the  equator.  We  cannot  expect,  however,  that 
these  tropical  winds  will  be  always  regular  all  over  the 
worid,  unless  the  whole  surface  of  the  globe  were  uni- 
fixmly  covered  with  water;  so  that  there  might  not  be 
any  extraordinary  rarefaction  produced  in  any  place  by 
any  other  cause  than  the  direct  heat  of  the  sun.  The 
land  is  susceptible  of  a  greater  degree  of  heat  than  die 
water,  and  will  be  generally  more  heated,  as  it  con- 
itaiitiy  presents  the  same  surface  to  the  rays  of  the  sun, 
iriMfe  the  healed  surface  of  the  water  is,  ii  cm  its  conti- 

I,  constantly  changing.  As  the  sun,  thei'c- 
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fore  ])asses  over  islands  and  continents,  the  atmosphoe 
over  them  will  be  more  heated,  than  that  over  the  i^co 
ocean,  and  consequently  the  tiade  m  inds  will  vary  ibeir 
direction,  and  set  in  upon  the  land;  as  we  find  on  tlie  coast 
of  Guinea,  ivhei'e  the  trade  wind  blows  from  the  wcS- 
ward  for  a  considerable  distance  in  the  Ailanlic  ocaai, 
and  sets  in  upon  the  coast.  And,  indeed,  in  everj  tro- 
pical island,  we  find  the  sea  brepzes  setting  in  upon  & 
land  in  all  directions,  as  soon  as  the  morning  sun  bs 
produced  a  greater  rarefaction  in  tlie  air  over  the  land, 
than  over  the  water.  And,  in  general,  the  winds  an 
more  variable  in  all  places,  and  at  all  times,  near  thr 
shores,  than  in  the  open  seas,  on  the  same  account. 

As  some  variations  in  the  direction  of  the  wind  nw^ 
arise  from  the  land  in  genera),  so  the  particular  natuR 
of  the  soil  may  make  these  variations  more  ccHisiden- 
ble. 

A  flat  sand)'  countrj'  is  generally  more  heated  by  Ac 
sun  than  any  other,  and  therefore  will  occasion  a  stroBg- 
er  current  of  air  towards  it. 

Great  ranges  of  mountains,  in  any  countrj-,  may  rded 
the  wind  and  alter  its  direction;  and  the  beds  of  la|e 
and  extensive  rivers  open  a  channel  in  which  the  vrind 
will  generally  blow:  as  we  find  the  river  St.  Laurence. 
\ihich  runs  upwards  of  two  thousand  miles  from  ib 
source  to  the  sea,  and  filling  many  large  and  extenuvc 
lakes  in  its  course,  opens  an  extensive  chamiel  for  Uk 
H'ind  in  an  eastwardly  dii'ection;  while  the  Mississippi, 
rising  from  the  same  country,  flows  southward  throi^ 
a  no  less  extent  of  land,  and  thereby  opens  a  southetv 
channel  for  the  wind;  and  from  these  two  dirtctioos 
compounded  together,  we  account  for  the  general  north- 
west \\inds,  which  prevail  in  North  America. 

When  the  snows  cover  the  tops  of  mountains,  for  a 
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considerable  time  before  they  begin  to  mdt,  the  air 
will  be  greatly  condensed,  and  afterwards  it  vniSl  be 
rarefied,  and  thereby  the  wind  may  blow  in  one  direc- 
tion while  the  snow  continues,  and  in  a  contrary  direc- 
tion when  it  melts. 

From  these,  and  a  thousand  other  causes,  which 
cannot  be  particularly  enumerated,  the  air  must  be  sub- 
ject to  various  perturbations,  and  have  a  tendency  to 
motion  in  diflferent  directions,  depending  on  the  situa- 
tion of  countries,  the  degrees  of  heat  and  cold  in  the 
cfimate,  the  nature  of  the  soil,  the  d^;rce  of  cultivation, 
together  with  many  other  causes  producing  fermenta- 
tions, eruptions  of  volcanos,  the  extrication  of  fixed 
aod  subterraneous  dr,  and  the  like;  by  which  means  we 
must  be  subject  to  variable  winds  almost  perpetually. 
Yet  near  the  equator,  where  the  cause  which  produces 
the  general  trade  winds  operates  with  the  greatest  force, 
these  variations  ^^  ill  be  less  frequent  and  more  regular, 
e^iecially  in  the  open  sea. 

In  the  Atlantic  o'cean,  there  is  more  land  on  the  north 
side  of  the  equator,  than  on  the  south,  especially  on  the 
Afiican  side:  and  the  ab  over  it  will  therefore  be  more 
i^irfied  than  at  the  equator,  and  consequendy  the  limit 
between  the  northeast  and  southeast  winds  will  not 
be  the  equator,  but  some  parallel  to  the  north^vard  of 
it:  and  we  find  in  fact  that  the  limit  between  them  is 
dioiit  fbm  degrees  north  of  the  equator. 

The  |dace  where  the  eastwardly'  and  westwardly 
Winds  commence  in  the  Atlantic  ocean,  near  the  coast 
of  Gainea,  is  called  by  the  seamen,  the  calms,  rains, 
^d  tornados^  "He  reason  is,  because  the  atmosphere 
b  dwt  region  ivMljied -between  the  two  currents, 
^Mdk  blow  fim#^  ^"^^  ^        ^mpon  the  African  coast , 

'tt  ng  the  trade  wind; 
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and  being  in  some  measure  carried  off  by  them,  itb& 
Comes  too  lighl  to  bear  the  clouds,  which  are  brought 
from  every  quarter  by  the  air,  rushing  in,  to  restore  the 
equilibrium  of  the  atmosphere;  so  that  they  descend 
there  in  perpetual  rains,  ivith  the  most  terrible  thunder 
and  lightning.  The  ^r  about  that  place  being  acW 
upon,  by  these  contrary  forces,  in  all  directions,  wiH 
therefore  be  in  equilibrio,  and  »\'ill  not  move  in  any  di- 
rection, so  that  there  will  be  little  or  no  wind  in  thri 
place,  which  is  for  that  reason  denominated  the  calms. 

If  the  air  be  carried  off  from  this  place  by  opposiK 
currents,  it  may  be  asked,  how  frtsh  air  is  supplied? 
But  the  answer  is  easy,^ — from  opposite  currents  at)ovc 
the  place  which  bring  the  clouds  and  produce  the  per- 
petual rains. 

By  the  evacuation  of  the  air,  its  pressure  there  wil 
be  diminished,  and  consequently  the  neighbouring  ur 
will  rush  in,  froni  all  quarters  above,  which  will  form  » 
kind  of  eddy  where  the  opposite  currents  meet,  and 
thereby  occasion  those  violent  stonhs,  which  are  called 
(ornados. 

On  the  Americansideofthe  Atlantic  ocean,  the  trade 
winds  will  become  more  and  more  easterly  as  they  ^ 
proach  the  American  continent.  Because,  as  ihcy  m 
compounded  of  a  north  and  east  wind,  or  a  south  and 
east  wind,  in  different  seasons  of  the  year;  instead  d 
blowing  from  the  northeast  or  southeast,  they  wB 
vetfi^  towards  the  east;  the  eastern  current  Mfll  be 
stronger  than  ehher  the  north  or  south  current;  becanx 
the  land  of  America  will  be  more  heated  than  the  wa- 
ter, and  the  eastern  current  will  gradually  prevail  0¥O 
that  from  the  north  or  south. 

In  the  Atlantic  and  Ethiopic  seas,  the  trade  wind  wil 
be  more  easterly  in  north  latitudes,  and  more  southo^ 
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ill  south  latitudes,  when  the  sun  is  near  to  the  tropic  of 
cancer;  an<l  when  he-  is  in  the  tropic  of  capricom,  the 
trade  winds  in  north  latitudes  uill  be  more  nordierly^ 
ind  in  south  latitudes  more  easterly  than  usual.  When 
the  sun  is  near  the  tropic  ol"  cancer,  the  air  under  it  wUl 
be  as  much  rarefied  as  about  the  equator,  which  \iiU 
diminish  the  force  of  the  current  from  the  north,  and 
Btrengihen  the  current  from  the  south,  towards  the  point 
of  greatest  rarclaction;  by  which  means  tlie  easterly  cur- 
rent will  prevail  in  north  latitudes,  and  the  southerty 
current  will  prevail  in  south  latitudes;  so  that  on  the 
north  of  the  etjuator,  the  trade  winds  will  blow  more 
easterly  than  usual,  and  in  south  latitudes,  more  south- 
erly, as  being  in  a  direction  nearer  to  the  stronger  cur* 
rent.  But  when  the  sun  is  near  the  tropic  of  Capricorn, 
aimilar  changes  must  take  place.  For  as  the  air  is  con- 
siderably rarefied  from  the  equator  to  the  Irojiic,  there 
will  be  scju-celj'  anj-  southern  wind  in  southern  latitudes, 
and  consequendy  an  easterly  wind  will  prevail  in  these 
latitudes,  while  the  northern  current  in  north  latitudes 
will,  from  the  coldness  of  the  air  on  the  north  side  of 
the  equator,  previiil  over  tfie  eastern,  and  cause  the  trade 
winds,  on  that  side,  to  be  more  northerly  than  «hat 
they  would  otherwise  be. 

In  the  Indian  ocean,  from  Madagascar  to  New  Hol- 
laml,  between  the  latitudes  of  ten  and  thirty  degrees 
soDih,  there  are  the  same  trade  winds  that  prevail  in  thci 
same  latitudes  in  the  Atlantic  and  Pacific  oceans.  And 
besides  these,  we  have  j>eriodical  winds  called  monsoons, 
which  blow  for  six  months  in  one  direction,  and  in  the 
other  six  months,  from  the  opposite  point  of  the  com- 
pass. In  the  northern  p;irts  of  the  Indian  ocean  the  motv- 
soon  is  northeast  from  October  till  April,  and  from 
AprH  till  October  it  is  southwest.  The  first  is  the  re- 
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^ulv  trade  wiiid  accounted  for  already.  And  the  smith- 
west  wind,  in  the  summer  months,  is  occasioned  in  the 
same  manner,  as  ihe  same  wind  is  produced  on  thf 
coast  of  Guinea,  by  the  great  rarefaction  of  the  air  on 
land. 

The  air  over  the  continent  of  India  and  China  bcii^ 
greatly  heated,  ascends,  and  the  colder  air  from  the 
southwest  rusiies  in  to  restore  the  equilibrium.  There 
is,  indeed,  this  difierence,  that  the  land  on  liie  coast  d 
Guinea  lies  under  the  equator,  and  therefore  remaim 
heated  through  the  whole  year,  so  diat  the  soutbwesl 
wind  blows  there  continually.  But  the  laiwl  of  Indiaand 
China  lies  north  of  the  equator,  and  there  ia  no  cofU- 
iient  to  the  south,  so  (liat  die  souihnest  ivind  uill  Mow 
in  tlie  Indian  ocean  only  for  half  of  the  year,  or  wbiie 
the  sun  is  over  the  land.  The  position  of  the  islands  in 
this  ocean,  with  respect  to  each  other,  may  occa^ 
cither  one  or  other  of  the  currents,  of  which  tjiese  mon- 
soons are  compounded,  to  be  stronger  than  the  other, 
and  consequently  cause  the  general  direction  of  the 
wind  to  vary  a  little  from  the  regular  course.  As  wt 
find  to  the  cast  of  SumatrJ  and  Java,  the  northeast 
wind  in  winter  is  more  northerly,  and  the  southwest 
wind  in  summer  is  more  southerly,  than  In  the  otbet 
monsoons  to  the  west. 

In  the  southern  parts  of  the  Indian  ocean,  from  three 
to  ten  degrees  south,  die  regular  south  trade  wind  blow 
I'roin  the  end  of  May  to  the  beginning  of  December, 
and  a  northwest  wind  bloivs  for  the  other  six  monlbii 
which  is  probably  occasioned  by  the  position  of  Ne» 
iiolland  or  Zealand,  over  which  the  air  being  rarefied. 
may  cause  a  current  from  the  northwest  to  set  in  ID- 
wards  it. 

These  are  the  general  causes  and  afiections  of.tte 
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tode  winds  and  monsoons,  which  we  find  to  be  mosjt 
r^lar  in  the  great  Pacific  ocean;  however,  none  of 
tfaem  are  without  exception,  arising  firom  difierent  cir- 
cumsCances  of  heat  and  cold,  land  and  water,  situation 
and  direction. 

The  velocity  of  wind  is  very  variable,  from  one  ta 
fifty  or  sixty  miles  per  hour.  Various  machines  have 
been  invented  to  determine  this  velocity;  but  without 
any  of  them,  it  may  be  found  with  sufficient  precision, 
by  observing  how  fiEU*  a  light  feather  is  carried  by  it  in 
a  second.  From  many  experiments  it  is  found  that  even 
ia  violent  storms  and  hurricanes,  it  seldom  moves  with 
greater  velocity  than  sixty  miles  per  hour. 

If  a  current  of  air  strike  against  any  obstacle,  such 
as  die  sail  of  a  ship  or  of  a  mill,  the  force  of  the  stroke 
will  be  proportional  to  the  area  of  the  obstacle  and  the 
velocity  of  the  wind.  And  as  the  velocity  of  the  ^vind 
nay  be  measured  by  the  space  that  a  heavy  body  must 
Ul  to  acquire  that  velocity,  the  force  of  the  stroke  will 
be  proportional  to  the  weight  of  a  column  of  air  whose 
bise  is  the  area  of  the  obstacle,  and  whose  altitude  is 
die  dbtance  from  which  a  heavy  body  falls  to  acquire 
die  velocity  with  \i  hich  the  wind  blows.  This  is  also 
tme  of  water  in  mouon. 

When  the  area  of  the  sail  is  given,  the  force  will  be 
proportional  to  the  square  of  the  velocity.  The  force  is 
tt  Ac  quantity  of  matter  and  velocity  conjoindy;  but 
the  quantity  of  matter  is  as  the  velocity;  for  the  quicker 
or  slower  that  the  wind  moves,  the  more  or  fewer  par- 
tides  strike  against  a  given  surface  in  a  given  time. 
Tkerefiire,  the  fierce  will  be  as  the  square  of  the  velo- 

Qly.  Thb  is  true.of  :«iiy  flmd  wither  compressible  or 

■MnpressiUe;.  anddlD  jtf  tl»*  iMfeifRPpowtion. 
Heoce,  it  will  l»  jMMteHli        ft^  to  swim  or 
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row  against  a  stream,  that  flows  with  double  the  w- 
hcity  of  another;  and  a  wind  that  blows  with  doublt 
tlic  velocity  of  anotlier  will  give  four  times  the  momen- 
tum  to  a  given  sail,  to  move  the  ship.  Now,  if  the  oht 
quitj-  of  the  sail  to  the  «'ind  be  given,  its  perpendicular 
area  is  also  given,  and  the  force  of  the  ivind  to  move  Ac 
sail  will  therefore  be  as  the  square  of  the  velocity. 

The  momentum  of  a  current  of  wind  to  move  a  sul, 
when  it  blows  with  a  given  velocity,  will  always  be» 
the  s(|uarc  of  the  cosine  of  the  angle  of  incidence, « 
the  angle  between  the  direction  of  the  wind  and  iht 
perpendicular  to  the  surface  of  the  sail. 

The  momentum  of  a  stroke  from  a  given  body  w31 
always  be  in  proportion  to  tlie  cosine  of  the  an^  of 
incidence,  as  we  have  seen  in  mechanics.  But  the  mo- 
mentum of  a  stroke  is  also  proportional  to  tlie  quanti^ 
of  matter  in  the  striking  body:  and  the  quantity  of  tUt- 
ter  in  a  stream  of  wind  against  a  given  sail  will  incmw 
as  the  cosine  of  the  angle  of  incidence  increases;  there- 
fore, the  momentum  will  be  as  the  cosine  of  the  angtt 
of  incidence,  on  a  double  account;  first,  because  an  (rfj- 
lique  stroke  is  to  a  direct  one  in  this  proportion,  and 
secondly,  because  the  quantity  of  air,  which  strikes  tbc 
oblique  sail,  is  to  the  quantity,  which  strikes  a  dJRcI 
one,  in  the  same  proportion.  Consequently,  the  no* 
mcntum  of  the  wind,  to  move  a  given  sail,  will  bcB 
the  square  of  the  cosine  of  the  angle  of  incidence,  vrba 
the  wind  blows  widi  a  given  velocit)'. 

OF  SOUNDS. 
It  is  the  business  of  metaphysicians  to  contemjirtc 
the  idea  of  sound  in  the  mind,  and  of  anatomists  to  de- 
scribe die  construcdon  of  the  ear,  and  the  manner  of 
conveying  die  impressions  made  upon  it,  by  the  motior 


of  air,  to  llie  brain;  by  which  means  we  acquire  the  idea 
of  sound.  Our  business  is  only  to  inquire  what  motions 
iu  tlie  bodies  around  us,  and  particularly  in  the  air,  are 
necessary  to  produce  in  us  t!ie  idea  of  sound. 

From  the  experiment  of  the  bell's  being  vcrv  faintly 
heard,  or  not  heaitl  at  all,  under  the  exhausted  receiver, 
we  conclude,  that  sound  has  a  necessary  dependence 
upOD  air.  The  tremors  of  a  sounding  body  are  impres- 
sed upon  tlie  contiguous  air,  and  are  communicated  by 
the  elasticity  of  llie  air  to  the  tjm|)anum  ol"  the  ear,  and 
t^  it  to  die  air  included  in  the  Internal  cavities,  until 
tiie  auditory  nerve  receive  the  impression,  and  thereby 
excite  in  us  the  idea  oi  sound. 

it  is  out  of  mj'  line  to  dwell  upon  the  structure  of 
the  ear,  and  its  admirable  contrivance  for  collecting 
even  the  languid  vibrations  of  the  air,  and  for  propaga- 
ting them  %vith  force  and  inconceivable  tlistinctness  to 
the  common  sensory  in  tlie  brain. 

This  is  only  to  !)c  elTected  by  an  anatomical  lecture, 
where  you  have  an  opportunity  of  examining  every  part 
of  this  complicated  organ,  \vithout  which  no  descrip- 
tion can  give  you  aii)'  tolerable  idea  of  its  mechanism 
and  uses.  By  attending  to  a  single  lecture  on  this  sub- 
ject, you  will  see  how  the  pulses  of  air,  entering  the 
meatus  auditorius,  are  condensed  by  various  reflections, 
in  their  passage  to  the  membmna  tymp:ini,  which,  be- 
ing rendered  more  or  less  concave,  lax  or  tense,  by  the 
action  of  the  malleus  and  its  proper  muscle,  can  tliereby 
compress  or  rarefy  the  air  in  the  labyrinth,  according 
as  the  eustachian  tube  isoptn  or  shut.  This  membrane 
af^ars  to  be  contrived  by  a  curious  apparatus  of  parts 
to  be  relaxed  or  stretched  in  various  degrees,  so  as  to 
be  adapted  to  receive  the  tremors  from  a  sounding 
f  intensenesB,  and  to  coipinuni. 
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cate  them  through  the  included  uir  to  the  nerves  that 
are  expanded  over  the  surface  of  the  cochlea.  For  Uic 
fibers  of  the  scpUim  iransversale  are  evidently  contrived 
like  the  strings  of  a  harpsichord,  of  various  decreasing 
lengths,  and  possibly  of  different  tensions  and  thickness; 
so  that  some  of  them  may  be  in  concord  with  the  sound* 
ing  body,  and  tremble  witli  the  same  vibrations:  by 
which  means,  every  distinct  sound  is  communicated  lo 
the  brain  without  confusion,  and  the  mind  perceivts 
the  infinite  distinctions  of  harmonious  and  discordaal 
tones. 

From  this  construction  of  the  ear,  we  see  the  rasoa 
why  deafness  ensues  upon  a  rupture  of  the  drum  of  tfac 
ear,  or  the  obstruction  of  the  eustachian  tube:  why  die 
ear  is  afiected  with  acute  pain,  in  descending  into  die 
sea  ui  the  diving  bell,  whin  the  external  air  is  more 
condensed  on  the  outside  of  the  drum  of  the  ear  than 
on  the  inside,  whereby  it  is  immoderately  stretched: 
and  why  a  person,  listening  attentively,  insensibly  opens 
his  mouth;  as  diere  is  a  communication  by  the  mouth 
with  tile  auditory  nerve. 

The  particles  of  a  sounding  body,  when  put  tu  mo- 
tion by  percussion,  vibrate  backwards  and  forwardfi, 
through  very  sm;ill  spaces,  by  their  elastic  force.  Tins 
is  evident  to  sense  in  the  strings  of  a  violin,  and  in  the 
motion  of  a  bell.  The  eye  may  see  and  the  hand  may 
feel  the  trembling  of  both.  When  an  elastic  iitringis 
bent  out  of  its  right-lined  direction  by  any  force,  it  «iB 
return  again  by  its  elasticity,  and  acquire  such  a  velo- 
city, when  it  becomes  straight,  as  will  carry  it  to  a» 
great  a  distance  on  the  other  side,  if  its  motion  be  oat 
impeded  by  any  external  cause,  such  as  friction,  or 
the  resistance  of  the  medium  in  which  it  moves.  In  this 
situation,  the  elasticity  of  the  string  counterboliuices  its 
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(rings  it  back  again.  And  thus  it  vibrates, 
1  ibrvvards,  through  small  spaces,  until  its 
motion  lx^  destroj-ed  by  friction  and  the  resistance  of 
tht  ni<*diiim.  In  like  manner,  when  die  circular  edge 
of  the  bell  is  struck  with  a  hammer,  the  particles  struck 
nio\  e  forward,  while  tliose  at  90  degrees  distance  move 
outward,  and  the  circular  figure  of"  the  bell  is  changed 
into  an  ellipsis,  having  the  shortest  diameter  in  the  di- 
rection of  the  stroke;  but,  in  the  return  of  the  particles 
by  dieir  elasticity,  their  acquired  velocity  will  carry 
them  beyond  the  circle,  and  the  longer  axis  of  the  ellip- 
sis will  now  be  in  the  diiection  of  the  stroke.  Thus  will 
the  diameters  of  the  ellipsis  change  directions  in  every 
vibration,  till  the  motion  be  destroyed, 

The  same  stroke,  which  makes  the  string  or  bell  vi- 
brate, makes  it  sound  also,  and  as  the  vibrations  decay, 
the  sound  grows  weaker;  and  the  air  must  convey  these 
vibrations  to  the  ear.  Were  there  no  air  in  contact  with 
the  sounding  body,  no  sound  could  be  heard.  As  the 
air  is  exhausted  by  the  air-pump,  the  sound  of  the  bell 
under  the  receiver  grows  weaker;  and,  could  all  the  air 
be  extracted,  it  could  not  be  heard  at  all.  On  the 
other  hand,  if  condensed  air  were  in  contact  with  the 
sounding  body,  the  intensity  of  the  sound  ivould  be 
greatly  increased.  And  hence,  persons  in  the  diving, 
bell,  seem  to  each  other  to  speak  much  louder  than 
usual,  as  tliey  sink  deeper  in  tlie  water,  or  as  the  air  in 
the  bell  becomes  more  condensed. 

When  an  elastic  body  vibrates,  the  air  which  lies 
befiare  it,  or  in  contact  with  it,  is  propelled  or  driven 
forward,  and  by  that  means  it  will  be  condensed.  When 
this  condensed  air  expands  itself  by  its  elasticity,  it  will 
expand  in  all  directions;  not  only  returning  with  the 
clastic  body,  but  also  moving  forwards,  and  condensing 
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the  air,  which  lies  beyond  it.  While  this  condensed  air 
will  produce  the  same  eifect,  condensing  the  air  that 
lies  still  fiirther  forwards.  And  thus  the  motion  commu- 
nicated to  the  air,  by  the  sounding  body,  will  be  conti- 
nually carried  forwards,  until  it  reach  the  ear. 

These  condensations  of  the  air,  which  are  produced 
by  the  sounding  body,  and  propagated,  through  it,  4d 
the  ear,  are  called  pulses.  And  to  make  the  theoiy  of 
sound  as  plain  as  possible,  we  must  endeavour  to  tiaoe 
it  to  its  first  principles,  in  the  motion  of  an  elastic 
string. 

1.  An  elastic  string,  when  bent  out  of  its  rightJioed 
direction  by  any  force,  endeavours  to  return  with  afiice 
proportional  to  the  distance  over  which  it  must  moveb) 
attain  its  right-lined  direction  again,  which  is  called  dK 
sagitta. 

It  is  found,  by  experiment,  that  if  a  string  be  bent 
by  a  certain  weight  to  a  certain  distance,  it  will  be  beat 
to  double  that  distance,  by  double  that  weight,  and  to 
triple  that  distance  by  three  times  that  weight  Nov 
these  weights  must  be  an  exact  counterbalance  to  die 
elasticity  of  the  string,  by  which  it  endeavours  to  retun 
to  its  proper  place.  Therefore,  the  elasticity  of  dv 
string,  or  its  tendency  to  return,  being  proportioittl  to 
the  inflecting  weights,  and  these  to  the  distances  or  n- 
gittae,  must  be  proportional  to  the  sa^ttse. 

Hence  it  will  follow,  that  the  motion  of  the  string 
backwards  will  be  accelerated,  as  it  receives  an  inqpubt 
fi-om  its  elasticity  every  instant;  but,  as  this  impulse  is 
not  equal  in  every  instant,  but  decreases  as  the  string 
approaches  to  a  right-lined  direction,  the  motion  wiD 
not  be  equably  or  uniformly  accelerated,  but  acceleralad 
with  a  force  proportionable  to  the  sagittse.  The  same 
reasoning  may  be  applied  to  the  retardation  of  the  string^ 
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ity  after  it  has  passed  its  right-lined  direction.  So 
hese  strings  are  accelerated  and  retarded  by  the 

laws  as  a  pendulum  vibrating  in  a  cycloid. 

All  the  vibrations  of  the  same  strings  are  perf(Hm- 

the  same  times. 

the  last  proposition,  the  elasticity  of  the  string, 
!  accelerating  force  by  which  it  returns  to  its  rec- 
d  direction,  is  proportional  to  the  distance  that 
ring  has  to  pass  over,  and  therefore  the  velocity 
ated  by  this  force  must  also  be  proportional  to  the 

distance.  But,  if  the  veloci^  be  proportional  to 
istance,  the  time  must  be  given.  Therefore,  the 
of  the  vibrations  of  the  same  string  must  be  all 
,  when  the  space  over  which  it  passes,  is  propor- 

to  tlie  velocity.  For,  if  it  move  with  double  or 

velocity,  when  it  has  to  move  over  double  or 
the  distance,  all  the  times  of  vibrations  must  be 

nee,  the  motion  of  an  elastic  string  is  like  the  mo- 
►f  a  pendulum  moving  in  a  cycloid;  where  the  ve- 
is  always  proportional  to  the  distance  the  body 
;o  acquire  the  velocity;  and  where  all  the  vibra- 
are  performed  in  the  same  time, 
e  times  of  vibrations  in  difierent  strings  are  as  the 
ters  and  lengths  of  the  strings  direcdy,  and  as  the 
*  roots  of  the  tending  forces  inversely. 
:  T=the  time  of  vibration,  D=the  diameter  of  the 
,  L=its  length,  and  F=the  tending  force  or  weight 

DL 

lich  it  is  stretched.  Then  T=— =. 

VF 

;  ACB*  be  a  string  stretched  by  the  force  F,  while 

drawn  into  the  direction  ADF,  by  the  inflecting 

E,  which  is  equal  to  the  elasticity  of  the  string  and 

*  Sec  Plate  4,  Fig.  4. 


a  counterbalance  to  it,  Now,  as  the  tending  force  acU 
in  the  direction  BD,  it  may  be  represented  by  BD, 
wliicli  may  lie  resolved  into  two,  viz.  EC  and  CD, 
whereol'  CD  represents  the  resiitucnt  force,  which  is 
equal  to  the  string's  elasiiijity=E,  and  the  other  acts 
in  the  horizontal  direction,  and  may  lie  considered 
as  equal  to  BD,  because  of  the  !>mulinc&s  of  DC, 
or  equal  to  the  tending  force  F.  Therefore  F;E:; 
BC  :  CE  ;  :  L  :  S;  putting  S=the  space  over  which  tk 

string  passes  in  half  a  vibration.  Hence,  E=  - — .  There- 
fore in  the  same  string,  ivliere  the  tending  force  and 
length  are  given,  the  elasticity  is  proportional  totfee 
sagitts=S,  as  we  have  seen  before.  •        ' 

But  since  the  sagitta  or  space  passed  over  is  eqoalto 

FTV 

the  time  and  velocity  of  the  vibration,  E= — - — .  And 

as  the  elastic  force  may  be  considered  as  uniform  for 

the  small  time  it  acts,  the  momentum  or  quanti^  of 

FVT' 
motion  generated  will  be  ET= .  But  this  no. 

mentiim  will  be  as  the  velocity  and  quantity  of  matter 

that  is  VxLD'.  Therefore,  i4-^=VLD\  or  FT-'= 


Therefore,  5ZZ.=VLD',  i 


L'D^'andT=^^.  Q.E.D. 

Hence,  if  D  and  F  be  given,  or  if  there  be  two 
strings  of  the  same  diameter  and  tended  with  equd 
wtights,  but  of  different  lengths,  the  times  of  vibration 
will  be  directly  as  tlieir  lengths.  Thus,  half  the  mono- 
chord  vibrates  in  half  of  the  time,  in  which  the  whck 
chord  vibratesi  two  ttiirds  of  it,  in  two  thirds  c^  ib 
and  three  fourths  of  it.  in  three  fourths  of  the  time:  die 
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tiret  is  called  an  octave,  where  the  coincidence  is  at 
every  second  vibration  of  the  shorter;  the  second  is 
called  a  fifth,  where  the  coincidence  is  at  every  third 
vibration  of  the  shorter;  and  the  third  is  called  a  fourth, 
where  the  coincidence  is  at  every  fourth  vibration  of 
the  shorter,  &c. 

If  one  of  these  strings,  both  of  equal  tension  and  dia- 
meter, but  of  different  lengths,  be  struck,  the  other  uill 
vibrate  with  it  in  aliquot  parts,  the  points  of  division 
between  the  parts  remaining  quiescent;  as  is  evident  to 
the  sight,  by  pieces  of  paper  remaining  at  rest  on  these 
points,  while  similar  pieces  laid  on  any  other  points  will 
be  shaken  off  by  the  vibrations.  If  one  string  be  twice 
as  long  as  the  other,  it  will  vibrate  by  halves,  the  mid- 
dlc'point  remaining  quiescent;  and  if  three  times  as 
lot^,  there  will  bu  tno  points  at  rest,  while  the  string 
is  vibrating  in  the  three  different  lengths  of  it.  The  rea- 
son is,  because  the  same  vibrations  of  the  shorter  string 
are  communicated  to  the  contiguous  air,  and  by  the  air 
to  the  quiescent  string,  which,  being  of  equal  tension 
and  diameter,  cannot  vibrate  in  unison  with  the  shorter, 
or  ivith  the  contiguous  air,  in  any  other  manner,  than 
by  vibrating  in  lengths,  each  being  equal  to  the  length 
of  the  shorter  string.  And  hence,  wc  see  the  reason  of 
the  construction  of  the  double- stringed  violin,  whose 
untouched  strings  vibrate  in  unison  with  the  others, 
and  thereby  greatly  heighten  the  melody  and  harmony 
of  the  music. 

Hence,  also,  if  V  and  L  be  given,  T  Is  proportional 
to  D;  that  is,  if  the  tending  force  and  lengths  of  two 
strings  be  the  same,  but  their  diameters  different,  the 
dmes  of  their  vibrations  will  be  as  their  diameters.  If 
the  diameters  be  as  2 :  1,  the  string,  whose  diameter  is 
greatest,  will  vibiTtte  slowest  in  the  same  proportion, 
21 
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and  their  coincidence  ^vill  be  at  cveiy  second  vibradon 
of  the  least;  and  they  will  therefore  sound  an  octave. 

Lastly,  if  D  and  L  be  given,  T  will  be  as  v'F;  Aat 
is,  if  the  diameters  and  lengths  of  two  strings  be  the 
same,  the  times  of  their  vibrations  will  be  asdiesquve 
roots  of  the  tending  forces,  inversely. 

Now,  as  the  tone  of  a  string  depends  entirely  on  tlie 
time  of  the  \ibration,  it  is  easy  to  understand,  that  who- 
ever the  sounding  body  be,  or  how  many  soever  ibtit 
may  be  of  them,  if  they  perform  the  same  number  of 
vibrations  in  the  same  time,  they  will  all  sound  the  same 
note  and  be  in  nnison.  And  if  the  vibrations  be  perfonn- 
cd  in  unequal  times,  the  coincidence  will  be  after  certrin 
inter\'als,  and  the  shorter  that  these  intervals  arc,  so  mticb 
the  more  agreeable  is  the  consonance  to  the  ear.  Hence, 
when  one  string  vibrates  twice,  while  the  other  vibtalts 
once,  the  coincidence  will  be  most  frequent,  and  ihcir- 
fore  it  is  called  ihe  most  perfect  concord,  as  it  is  nuM 
agreeable  to  the  car.  \V'hen  the  times  of  their  vibration 
are  as  two  to  three,  tlie  coincidence  ^vill  be  at  evay 
third  of  the  quickest,  and  therefore,  this,  which  is  caSrt 
a  fifth,  is  in  the  next  degree  of  perfection. 

Thei'e  are  but  seven  whole  notes  or  tones  in  & 
scale;  for  when  you  come  to  the  eighth,  it  is  no  Ddta* 
than  the  octave  to  the  first,  and  the  octa\e  above  and 
below  is  only  a  replication  of  the  same  sound.  And  i 
skilful  artist,  in  the  construction  of  musical  insCrunKfl>t 
will  compound  the  various  proportions  of  length,  dtt- 
meter,  and  tension  of  strings,  in  such  a  manner  4»to 
|iroduce  the  most  agreeable  consonance  to  the  ear. 

If,  instead  of  strings  of  the  same  diameter  and  ten- 
sion, but  different  in  lengths,  one  string  be  taken  mi 
stopped  at  different  places  while  it  is  vibrating,  it 
give  dififerent  sounds,  according  to  the 


11 


H  251 

^Ultog  thai  IS  suffered  to  vibrate  without  intciTUptlun. 

P40ie  whotf  lentil  of  the  string,  wliatever  that  iiuiy  be, 

I  lis  called  the  monochord,  and  the  sound  produced  by  it 

I  JE  called  tlie  key-note.  If  bull"  tht  string  be  suffered  to 

vibi'atc,  tlie  sound  produced  is  culled  the  octave  to  the 

first  note  or  sound;  because  musicians  have  particularly 

six  different  sounds  distinguished  between  them,  which 

.■ire  excited  by  stopping  the  string  iit  certain  places  be. 

twcen  these  two  points,  while  the  remainder  is  suffered 

to  vibrate.  The  proportion  of  length  for  making  diese 

sounds  will  be  assigned  presently. 

The  highest  sound  of  the  octave  is  expressed  by  hali' 
the  line,  and  if  this  half  be  divided  again  in  the  same 
manner,  a  higher  octave  is  produced  by  half  of  it,  or 
the  one-fourth  of  the  original  line;  and  so  on,  as  fur  as 
we  please.  So  that  if  the  divisions  of  the  fust  octave  be 
once  ascerUiined  for  each  particular  note,  u  e  may  tike 
one-half,  one-c|uarter,  one-eighlh,  &c.  of  thtir  lengths, 
for  the  divisions  of  the  next  and  succeeding  octaves. 

The  fifth  of  the  first  or  key-note,  is  Ibund  bj-  taking 
the  J  of  the  whole  string,  and  if  this  note  be  considered 
as  the  key-note,  its  fifth  may  be  found  in  like  manner, 
by  taking  two-thii-ds  of  its  length,  and  so  on,  for  any 
succession  of  fiftlis  as  far  as  you  please. 

Now,  if  you  carry  on  the  succession  of  octaves  as 
far  as  seven,  and  of  fifths,  as  far  as  the  twelftli,  they 
will  be  found  nearly  to  coincide;  but  if  the  succession 
be  carried  farther,  they  will  diverge  farther,  so  that  no 
octave  agrees  more  nearly  with  a  fifth,  than  the  seventh 
M'ith  the  twelfth  fifth;  and  because  an  imperfection  in 
the  octaves  is  intolerable  to  the  ear,  but  an  imperfec- 
tion in  the  others  does  not  produce  so  disagreeable  an 
efiect,  we  must  make  use  of  the  twelfth  fifth  for  the 
Hwrenth  octave,  and  divide  the  imperfection  tliat 
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thereby  be  introduced  into  the  tweltth  Gfth,  amoogall 
the  reiit,  which  will  he  thereby  rendered  inconsiderable 
and  almost  Insensible. 

And  if  we  find  all  the  octaves  of  these  twelve  diw- 
sions  of  tlie  string,  we  sh;iil  have  twelve  distinct  notes 
in  half  the  string,  or  in  tlic  first  octave,  to  which,  if  we 
add  the  sound  of  tiie  whole  string,  we  shall  have  tlur- 
teen  distinct  sounds  in  the  octave;  all  derived  from  ttui 
succession  of  fifths  and  their  octaves;  and  this  sbowi 
the  reason,  ^vhy  no  more  notes  are  introduced  intt>  ihe 


If  iIk  whole  length  of  the  string  be  supposed  to  be 

h  100,000,  die  succession  of  octaves  and  fifths  will  be 
octaves  of  100,000         fifths  of  100,000 
1st,       50,000  1st.         66,666 

25,000 
12,500 
^^^  6,^50 

^^^^ 
r  ■'" 


12eh, 


44,444 

29,629.6 

18,753 

12,402 
8,268 
5,512 
3,674.6 
2,450 
1,633.3 
1,088.8 
725.866 


Tlie  eight  notes  or  sountis  used  in  the  common  scajc 
of  music,  are  determined  by  the  lengths  of  the  strit^ 
tvhich  gives  these  sounds.  The  whole  length  of  the 
string,  when  vibrating,  gives  die  first  note  or  sound, 
which  musicians  gt^nerally  call  the  key  or  first  note,  or 
C;  4  of  the  length  sounds  the  second  note  called  D,  but 
between  this  and  the  first  they  have  interposed  anotliei 
sound,  made  by  {i  of  the  string,  which  they  call  the 
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Kcond  minor.  The  third  iiolc,  generally  called  the  tliird 
major,  and  marked  K  is  sounded  with  ^  of  the  striJtg; 
tout  between  this  and  the  second  ihcy  have  interposed 
mother  semitone  called  the  third  minor,  which  is 
KHinded  with  J  of  the  string.  The  fourih  note  called  F 
s  sounded  with  ^  of  the  string.  The  fifth  note  called  O 
s  sounded  with  |  of  the  string,  but  between  the  fourth 
ind  fifth  they  have  interposed  a  semitone  called  the 
burth  niajor,  which  is  sounded  by  ^  of  the  string.  The 
lixth  note,  called  A,  or  the  sixth  major,  is  sounded  with 
{  of  the  string,  but  between  this  and  the  fifth  they  have 
nterposed  a  semitone  called  the  sixth  minor,  which  is 
ioimded  widi  |  of  the  string.  The  seventh  note,  called  -i 
5,  or  seventh  major,  is  sounded  with  ^  of  the  strings . 
jut  between  this  and  the  sixth  they  have  interposed 
mother  semitone  called  the  seventh  minor,  which  is 
ounded  with  %  of  the  string.  The  eighdi  is  the  octave, 
vbich  is  sounded  with  iialf  the  length  of  the  string;  and 
s  the  first  note  of  the  succeeding  octave  or  seven  notes;  - 
ijT  the  sounding  of  which  seven  notes,  the  remaining 
lalf-part  of  the  string  is  to  be  divided  in  the  same  ratio, 
is  the  whole  string  was  divided  for  sounding  the  first 
even  ^vhole  notes.  Consequently,  as  the  notes  of  the 
econd  octave  have  the  same  ratio  as  the  notes  of  the 
iret,  among  themselves,  they  will  be  sounded  with  half 
he  lengtli  of  the  string  thai  was  necessary'  to  sound  the 
arrespondent  notes  of  the  preceding  octave:  and  so  on, 
d  infinitum.  Hence,  when  the  divisions  of  the  string 
ire  obtained  for  sounding  the  first  seven  notes  of  the 
irst  octave,  the  divisions  of  the  remaining  part  of  the 
Iring  for  sounding  the  notes  of  the  next  octave,  are 
asUy  found  by  taking  one  half  of  the  foregoing  lengths 
or  the  corresponding  notes  of  that  octave,  and  so  on, 
or  as  many  octaves  as  you  will. 
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I  !Mowthesepr(^>orti(HisorthelengthsofsbnUarstriQp 
for  sounding  these  difFcrrent  notes,  were  not  assumed  ii 
an  arbitrary  manner,  but  from  the  constant  experieucf 
of  the  agreeable  or  disagreeable  sensations  raised  by 
hearing  two  of  these  notes  uounded  together.  Theonst 
agreeable  sensation  is,  when  two  strings  are  soundaj 
together,  whose  lengtlis  are  as  -2  to  1:  the  next  is  when 
they  are  as  3  to  2;  after  these  come  the  proportions  of 
3  to  4,  4  to  5,  3  to  5,  5  to  6,  and  5  to  8;  which  are  d 
called  concords,  Ironi  the  agreeable  sensations  exchcd 
by  them.  The  other  proportions  are  disagreeable  in  i 
greater  or  less  degree,  and  are  therefore  called  dlsccnis, 
unless  they  be  the  double,  quadruple,  octuple,  of  thr 
above,  viz.  their  octaves,  or  double  octaves,  &c. 

It  is  necessary  next  to  show,  why  only  seven  princi- 
pal notes  are  admitted  in  the  octave,  together  with  fiw 
other  half  notes,  usually  called  flats  and  sharps.  NcW 
after  die  octave,  the  fifth  is  the  principal  concord,  and 
gives  tlie  greatest  pleasure,  and  all  the  otJier  notes  of 
the  octave  are  derived  from  a  series  of  successive  filifas. 

For  let  the  first  note  of  the  octave  be  denominated 
by  any  of  the  first  seven  letters  of  the  alphabet,  as  fiir 
instance  by  C,  then  its  fifth  is  G,  being  sounded  by  j  of 
the  string;  the  fifth  of  this  is  D,  being  sounded  by  J  <rf 
the  length,  which  sounds  G,  and  the  octave  of  this  note 
D,  is  found  in  the  first  octave  and  called  by  the  suv 
name,  although  it  be  in  reality  found  in  the  second  oc- 
tave. Now,  tlie  fifth  of  this  note,  viz.  D,  is  A,  whose 
octave  is  found  in  the  first  octave;  and  the  fifth  of  thii 
note  is  E,  whose  double  octave  is  found  also  in  the 
first  octave;  and  the  fifth  of  E  is  B,  whose  octave  ii 
also  found  in  the  first  octave;  and  die  fifth  of  B  is  F. 
whose  octave  is  also  found  in  like  manner  in  the  first 
octave,  and  is  the  note  of  the  same  name.  And  fii»)lr< 
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ihe  fifth  of  tliis  note  is  C,  which  is  an  octave  or  double 
octave  of  the  original  key-note,  assumed  above.  So  that 
the  successive  fifths  of  any  key-note,  will  stand  in  this 
order,  C,  G,  D,  A,  E,  B,  F,  and  C,  which  are  the  seven 
notes  of  the  octave.  So  that  the  seven  notes,  sounded 
by  the  abovementioned  proportions  of  the  string,  have 
their  octaves  or  double  octaves,  &.c.  found  in  the  first 
half  oi'  octave  of  Uie  string;  and  the  last,  coinciding  with 
the  first,  ivhcn  only  eight  are  used,  shows  that  the  first 
and  eighth  are  only  octaves  of  each  other,  and  that  there 
are  only  seven  whole  notes  or  tones,  togeUier  witli  the 
five  semitones  intcqjosed  between  them. 

In  whatever  key  a  piece  of  music  is  performed,  its 
fifth  note  is  the  most  predominant  of  its  concords;  and 
as  the  notes  must  be  so  ordered  that  for  the  sake  of 
modulation  anj'  note  may  be  taken  for  the  first  or  key- 
note,  its  fifth  is  found  by  taking  two  thirds  of  its  length; 
and  again,  two  thirds  of  that  length  for  its  fifth,  and  so 
on,  until  we  find  a  fifth  whose  length  nearly  coincides 
with  some  octave;  which  is  found  in  the  seventh  octave 
and  the  twelfth  fifth,  so  that  the  seventh  octave  will  an- 
swer for  the  tivclfdi  fifth.  As  the  number  of  fifths  in 
that  series  is  twelve,  by  finding  all  the  octaves  between 
tbem,  we  shall  have  twelve  distinct  notes  williin  half 
the  string,  to  which,  if  we  add  the  sound  of  the  whole 
length  of  the  string,  we  shall  have  thirteen  distinct 
sounds  in  the  octave,  viz.  seven  principal  notes,  and  five 
semitones,  with  the  octave;  which  shows  that  there  can 
be  neither  more  nor  less  than  seven  whole  notes  in  the 
octave. 

Now,  as  the  whole  string  and  the  twelve  successive 
fifths,  each  being  4  of  the  preceding,  form  a  geometri- 
cal  series  of  diirteen  numbers,  whose  common  ratio  is 
^,  and  the  extremes  any  number  and  its  half,  as  the 
twelfth  fifth  must  be  taken  equal  to  the  se^'cnth  octave. 
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for  an  imperfect  octave  is  intolerable,  while  a  smalt  it- 
gree  of  imperfection  in  the  fifths  may  be  borne;  die 
imijeriection  of  the  last  fifth  may  be  easily  divided 
among  them  all,  so  as  to  produce  an  equal  tempera- 
ment, let  which  note  soever  be  taken  as  the  key.  This 
is  easily  done,  by  finding  a  ratio  of  the  series,  by  which 
the  f  ieven  mean  proportionals  may  be  interposed  be- 
tween the  two  extremes;  this  will  temper  all  tlie  fifUe, 
and  consequently  all  the  notes  of  the  octave,  cqual^. 
Now,  as  the  least  extreme  is  to  the  grealeat,  or  as  oae 
is  to  two,  so  is  unit)'  to  the  root  of  the  ratio,  lesa  bv  OIH 

than  the  number  of  terms;  that  is,  to  2''^=  1 .05947. 
Now,  if  the  length  of  the  string  be  divided  by  this  ra- 
tio, the  quotient  will  be  the  length  of  the  second  Icm- 
pered  note,  which  again  divided  by  the  ratio  gives  the 
third,  and  so  on,  through  the  octave:  or,  nudtiply  [he 
ratio  by  half  the  string  and  you  have  the  se\-enth,  and 
so  on,  backwards. 

Thus,  if  the  length  of  the  whole  string  be  suppoaed 
to  be  100,000,  die  length  of  the  notes  will  be 
Tenipered,  Real.  Names. 

I.   100,000  C=l.    =100,000      The  key-note 
94,387      =-\l    =  93,750      Thcsecoiidminor 


n. 

89,090  D= 

t_ 

88,889 
83,333+ 

Second 

84,090      =i 

'= 

Third  minor 

III. 

79,370  E= 

i= 

80,000 

Third  major 

IV. 

74,915  F= 

1= 

75,000 

Fourth 

70,710     =}i 

= 

71,111 

Fourth  major 

V. 

66,743  G= 

i= 

66,666+ 

Fifth 

62,997     =i 

— 

62,506 

Sixth  minor 

VI. 

59,462  A= 

i= 

60,000 

Si.\lh  major 

56,123     =J 

= 

55,555+ 

Seventli  minor 

VII. 

52,173  B= 

TI= 

53,333+ 

Seventh  major 

'III. 

50,000  C= 

t= 

50,000 

Octave. 
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^Bbus,  if  Oic  lengtlis  of  the  notes  be  determined  l)y 
this  means,  there  will  be  an  equal  harmony  diroughout, 
let  whatever  note  be  taken  a^  the  key-note,  as  diey  xvill 
be  found  to  difl'er  < ery  iiide  from  the  tiuc  lengths  given 
in  the  fractional  numbers  annexed. 

From  what  has  been  already  said  concerning  the  tre- 
mors and  vibrations  t^  a  sounding  body,  and  the  known 
elasticity  of  the  air,  we  can  easily  see,  that  whatever 
motion  is  generated  in  any  particle,  is  communicated 
to  all  around  it  as  from  a  center;  and  consequently,  die 
tremors  from  a  sounding  body  will  be  propagated  in 
hollow  concentric  ihells  of  air,  which  are  called  aerial 
pulses,  or  waves,  being  analogous  to  the  waves  excited 
in  the  surface  of  water,  when  a  stone  h  thrown  into  it; 
the  elaiiticity  of  tlie  air  effecting  in  one  case,  what  the 
gravity  of  the  n'atcr  performs  in  the  other.  The  spaces, 
where  the  air  is  condensed  by  tlie  vibrations  of  a  soimd- 
ing  body,  arc  called  puixes,  and  the  spaces,  *\here  it  is 
rarefied,  are  called  intervals  of  the  pulses;  and  as  these 
are  produced  by  the  alternate  vibrations  of  the  sound- 
ing body,  iwckwards  and  forwards,  they  necessarily 
succeed  one  another  alternately.  The  space  into  u'hich 
the  air  is  condensed  is  called  the  thickness  of  the  pulse, 
which  continues  the  same  at  all  distances  from  the 
sounding  body;  as  all  tlie  vibrations  which  raise  these 
pulses  are  made  in  the  same  time,  and  if  the  ehstic 
string  continued  to  move  longer,  in  raising  a  pulse,  it 
would  be  so  much  Uic  thicker. 

Having  javed  the  way,  by  the  foregoing  observa- 
jons,  we  shall  next  consider  the  principal  properties  of 
ihese  pulses  or  waves  of  clastic  air. 

1.,  They  are  propagated,  from  die  sounding  body, 
in  hollow  concentric  shells,  in  all  directions,  until  they 

E  obstacle,  from  whence  they  will  again 
3K 
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btgin  to  diffhse  themselves  in  the  same  mamier  as  from 
the  first  center.  Hence,  we  see  the  reason,  why  seven! 
persons  hear  the  same  sound  in  difierent  places.  If  the 
sound  pass  through  a  window  into  a  room,  it  wiB  be 
heard  in  any  part  of  the  room,  where  the  ear  mqr  be 
placed,  and  not  solely  in  the  direction  in  which  it  comes. 
For,  when  the  pulse  of  condensed  air  passes  by  any  ob- 
stacle, or  through  a  hole  in  it,  the  motion  of  the  air  Hfl 
be  communicated  in  all  directions  around  it.  And  fir 
this  reason,  sound  is  as  well  heard  through  a  benti  m 
through  a  straight  tube;  i;^hereas  light  cannot  be  pn>- 
pagated  through  any  tube,  but  such  as  is  perfect^ 
straight,  because  it  does  not  depend  upon  any  presme 
or  elasticity  of  any  medium  whatever. 

2.  The  density  of  these  aerial  pulses  decreases  as  Ae 
squares  of  the  distances  from  the  place  of  the  soundiBg 
body  increase.  As  the  force  of  motion  is  the  same  which 
is  exerted  on  each  concentric  shell  of  aii',  however  db- 
tant  it  may  be  from  the  sounding  body,  it  must  decfene 
as  the  number  of  particles  in  each  shell  increases;  and 
this  number  of  particles  increases  with  the  squares  of 
the  distances;  therefore  the  density  of  the  pulses,  ^rinch 
depends  upon  the  force  exerted  upon  them,  is  proper* 
tional  to  the  squares  of  the  distances  inversely,  finomthe 
place  of  the  sound. 

3.  Hence  the  intensity  or  strength  of  any  sound  d& 
creases  also  as  the  squares  of  the  distances  from  the 
sounding  body  increase;  because  the  intensity  or  1 
strength  of  any  sound  depends  upon  the  degree  of 
force,  with  which  the  air  is  condensed  and  strikes  upon 
the  ear;  and  this  force  we  see  decreases  with  the  squares 
of  the  distances  inversely.  By  the  intensity  of  sounds 
wc  do  not  mean  the  tone  or  note;  in  which  respect, 
they  are  distinguished  into  grave  and  acute,  aecoidiog 
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■ji  the  impression  on  tlic  car  continues  a  longer  or  shorter 
lime,  and  does  not  depend  upon  its  distance  from 
the  sounding  body.  But  the  intensity  of  a  sound  de- 
pends upon  the  force  witli  which  the  ear  is  struck, 
which  is  greater  or  less,  according  as  the  ear  is  nearer 
or  fartlier  off.  The  tone  of  a  sound  is  die  same  at  all 
distances,  but  the  ear  may  be  at  such  a  distance  from 
the  sounding  body  as  to  occasion  the  sound  to  \x  de- 
UHiitnated  loud  or  low,  or  not  to  be  heard  at  all.  Ab  the 
ribiatioiis  of  the  somuling  body  grow  weaker  at  any, 
ikce,  the  intensity  of  the  sound  gradually  decreases. 

4.  The  intensity  of  sound  is  greatly  increased  by  the 
ipeaking- trumpet,  and  by  oiacaustics,  which  are  no 
rthcr  than  speaking-trumpets  inserted  in  die  ear,  to 
ollect  and  condense  the  languid  pulses  of  the  air,  and 
liercby  assist  the  hearing.  As  sound  is  always  louder, 
a  proportion  as  the  air  is  denser,  it  must  follo^v,  that 
be  sound  pssing  tlirough  a  trumpet  must  be  greatly 
Ugmentcd,  b}'  the  continual  reflections  of  the  air  from 
[le  sides  of  the  trumpet,  and  the  air  being  thus  gready 
ondensed,  must  act  widi  much  more  force  upon  the 
xtemal  air,  at  its  exit  from  the  tube,  and  coiiscquendy 
iropagate  the  sound  to  a  much  greater  distiincc,  and 
Beet  the  ear  with  much  greater  force,  than  it  could 
lave  done  ivithout  such  an  instrument.  A  person  speak- 
ng  at  the  smaller  end  of  a  speaking-trumpet  exerts  the 
fholc  force  of  his  voice  upon  the  included  iiir,  whereby 
he  density  of  the  pulses  is  increased,  and  their  force  or 
aomentum,  to  move  the  external  air,  will  be  as  much 
;reater,  dian  without  the  tube,  as  the  whole  surface  of 

sphere,  whose  radius  is  the  length  of  tlie  tube,  is 
;reater  than  the  larger  end  of  the  trumpet.  Because, 
he  force  of  voice,  tlrnt  would  be  spent,  without  the 
yJMpupon  all  die  particles  in  the  surface  of  that  sphere. 
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is  now  confined  to  that  iiart  of  the  sphere  only 
is  included  in  the  orifice  of  the  larger  end  of  the  trumi 
pet.  And  as  the  inien&ity  of  sound  is  increased  in  an 
inverse  ratio  to  the  number  of  particles  to  be  moved, 
the  advantnge  of  the  speaking-trumpet  must  be  in  the 
same  proportion. 

From  ihis  it  is  plain,  that  the  effect  of  these  instru- 
ments priucipaily  depends  upon  their  length;  yet  sofflt 
advantage  may  also  be  derived  from  the  6gurc  of  tht 
side,  which  is  greatest  when  the  clastic  portions  of  ai 
included  in  the  transverse  sections  of  the  tube,  in  cqoil 
distances  along  the  axis,  are  in  a  geometrical  rauo  lo 
each  other,  as  we  have  seen  in  the  collision  of  elastic 
bodies.  For  when  any  motion  is  communicated  through 
clastic  bodies,  which  are  in  this  proportion,  the  montto- 
tum  of  the  last  is  the  greatest  possible.  Now  this  wB 
be  the  proportion  between  the  transverse  sections  of  lir 
taken  at  equal  distances  along  the  axis  of  the  tnimpel, 
uhcn  it  is  made  In-  the  revolution  of  the  hyperbola,  or 
logarithmic  curve  round  its  assymptote.  This  therefCR 
is  the  best  form  of  a  trumpet. 

As  the  loudness  or  intensity  of  sound  is  promoted  by 
the  density  of  die  air,  ive  see  the  reason,  why  a  sound 
can  be  heard  much  farther  under  water  than  in  the  ofien 
air,  as  water  is  860  times  denser  than  air,  the  coodin)- 
ity  of  the  particles  of  water  effecting  the  same  as  the 
elasticity  of  the  air  effects,  bnt  in  a  higher  degree.  You 
see  also  the  reason  why  a  lo\v  sound  is  easily  commu- 
nicated through  the  whole  length  of  a  tree,  when  it  ii 
sound,  and  the  particles  are  continuous.  Ship-buildcn 
and  carpenters  thus  tstimate  the  soundness  of  %-arious 
pieces  of  timber,  whose  inside  they  cannot  see. 

5.  We  find  by  repeated  experiments,  that  sound 
moves  with  tlie  same  velocity  at  all  distances  fi^m 
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sounding  body,  and  that  it  travels  at  the  rate  of  1142 
feet  per  second.  Although  the  velocity,  witli  which  the 
particles  X)f  the  sotuiding  body  move,  gradiially  de- 
creases with  the  sagittx  or  spaces  over  which  they 
move;  yet  they  perform  ull  their  vibrations  in  equal 
times,  and  as  they  raise  a  pulse  in  every  vibration  of 
the  same  thickness,  and  in  the  same  time,  diese  pulses 
must  succeed  each  other  at  equal  intervals,  and  conse- 
quently must  move  forward  with  equal  velocity,  while 
there  are  any  excited  by  the  sounding  bodj-.  There- 
lore,  the  velocity  of  sound  must  continue  the  same, 
from  the  Qrst  pulse  that  is  excited  to  the  last. 

Nor  is  the  velocity  of  sound  altered  by  the  difference 
of  tone;  a  grave  tone  moves  equally  fast  witli  one 
that  is  acute.  The  fact  is  evident,  in  a  ring  of  bells, 
where  we  hear  tlie  different  notes  from  the  different 
bells  in  the  s.ime  order,  in  which  they  are  excited,  at 
all  distances,  to  which  they  can  be  heard.  Did  the  grave 
tones  move  either  slower  or  quicker  tlian  the  acute, 
their  order  would  be  changed  in  their  progress,  and  the 
note,  which  at  one  distance  would  come  first  to  the  ear, 
would  at  another  distance  arrive  last.  A  difference  of 
lime,  in  the  vibrations  of  sounding  bodies,  is  that  which 
constitutes  the  difference  of  notes;  and  hence  the  same 
sounding  body  always  produces  the  same  note,  as  all 
its  vibrations  are  performed  in  the  same  time.  But,  if 
another  sounding  body  vibrate  twice  as  quick,  it  will 
nuse  two  pulses  in  the  same  time,  that  the  first  niised 
only  one;  yet  these  two  pulses  will  preserve  their  pro- 
per interval  invariably  tlirough  the  whole  of  their  pro- 
gress, and  the  space  occujiied  by  both  uill  be  the  same 
with  the  space  occupied  i)y  the  single  pulse  raised  by 
the  first  body  in  the  same  time.  Therefore,  the  velocity 
of  the  soimd,  as  it  passes  over  equal  distances  in  the 


same  time,  must  continue  the  same,  let  the  t(Mic  U 
grave  or  acute. 

From  the  equable  velocity  of  all  kinds  of  sounds,  w 
may  estimate  distances,  by  observing  the  lime^  wiiich 
any  sound  spends  in  going  from  one  place  to  another. 
Thus,  the  distance  of  a  cloud,  from  whence  lightning 
issues,  is  known  by  only  observing  the  number  of  se- 
conds between  the  flash,  and  the  explosion  reaching  tbe 
ear;  for  in  evcrj'  second  the  sound  passes  over  ll4i 
feet. 

6.  As  the  times  of  vibration  in  the  same  body  areiH 
equal,  the  intervals  of  the  pulses  produced  by  it  mat 
also  be  equal.  If  an  open  tube,  like  the  pipe  of  an  orgm, 
of  5l  feet  long,  sound  in  unison  with  a  string,  than- 
bratcs  100  times  m  a  second,  the  interval  of  the  piila 
raised  by  such  a  pipe  must  be  about  11  feet,  or  doobk 
the  length  of  the  tube.  The  vibrations  of  the  striflg; 
produce  a  hundred  pulses  in  a  second,  while  the  fiiH 
pulse  has  passed  over  1142  feet;  therefore  there  must 
be  in  diat  space  a  hundred  pulses,  and  each  distant  ftom 
the  other  114:3  feet;  but  the  vibrations  of  tlie  air  pib- 
duced  by  Uie  pii)e  are  the  same,  as  it  sounds  in  umsOi 
with  the  slrinjT,  and  the  number  and  intervals  of  ibt 
pulses  must  also  be  the  same;  so  that  the  interviliof 
the  pulses  uie  nearly  twice  tlie  length  of  the  tube. 
And,  from  various  experiments,  tliis  is  found  to  beds 
fact. 

From  this  property  of  the  pulses  of  air  we  have  tht 
distinction  of  notes  or  tones  in  music.  As  the  tone  of 
a  sound  depends  upon  the  duration  of  the  stroke  on  the 
drum  of  the  ear,  and  as  this  duration  is  always  propor- 
tional to  the  intervals  between  the  pulses,  which  move 
equally  fast;  the  tone  will  be  more  grave  or  acute,  » 
the  impression  on  the  ear  continues  longer  or  shorter; 


jr  as  the  iiiten-al  of  the  pulses  is  greater  or  less.  So  that 
hose  bixlies,  which  vibrate  slowest,  and  thereby  mahe  i 
he  greatest  intervals  between  tlie  pulses,    have   the  J 
^vest  and  deepest  tone,  as  the  impression  on  the  e 
sontinues  longest;  and  those  bodies  which  vibrate  quiclc-  | 
•St  have  ihe  sharpest  and  shrillest  tone.  As  we  have  s< 
ilready  that  the  times  of  vibrations,  and  consequent^  I 
Jie  tones  from  musical  strings,  depend  on  the  lengths,  J 
liameters,  and  tension  of  the  strings;  so  the  same  vail- 
itions  will  titkc  place  in  the  tones  of  musical  pipes  in 
m  organ,  arising  from  the  diameter  and  length  of  the 
pipe,  and  the  intensity  of  the  blast,  which  condenses 
lie  air. 

7-  The  velocity  and  intensity  of  sound  will  be  alter- 
ed by  the  direction  of  the  wind.  When  the  atmosphere 
S  still,  the  pulses  are  propagated  in  all  directions  from 
lie  sounding  body.  But  as  the  wind  is  a  current  of  air 
tioving  with  a  certain  force,  the  pulses  excited  by  the 
iounding  body  will  partake  in  some  measure  of  its  mo- 
icm.  The  pulses  therefore,  which  move  in  the  direction 
>f  ihe  wind's  motion,  will  be  carried  to  a  greater  dis- 
anc€  on  that  side,  and  thereby  increase  the  intensity  of 
ihe  sound  in  tliat  quarter;  so  that  a  person  on  that  side 
■O  which  the  wind  carries  the  sound,  will  hear  it  farther, 
and  louder,  at  a  given  distance,  than  he  could  hear  it, 
in  the  opposite  direction. 

From  hence  it  is  evident,  that  if  the  wind  moved  with 
iie  same  velocity  that  sound  does,  the  pulses,  as  soon 
IS  they  were  produced,  would  be  all  carried  off  in  the 
iircction  of  the  wind,  and  the  sound  would  not  be  heard 
it  ail  against  the  wind.  But  the  wind,  even  in  storms 
uid  hurricanes,  seldom  moves  more  than  70  or  80  feet 
per  second,  and  sound  moves  at  the  rate  of  1142  feet 
in  (he  same  time.  Therefore,  as  sound  moves  with  a 
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much  greater  velocity  than  wind,  the  pulses  will  be 
propagated,  and  the  sound  will  be  heard,  against  the 
wind;  though  it  is  weaker  and  reaches  to  a  smaller  dis- 
tance in  this  direction,  than  it  does  on  the  other  side  of 
the  sounding  body  where  it  has  a  Mr  wind  for  its  eon- 
veyance. 

Now,  if  the  current  of  air  move  the  same  way  with 
the  sound,  the  sound  will  partake  of  its  motion,  and  be 
accelerated  in  its  velocity  by  it;  but  if  the  sound  move 
in  a  contrary  direction  to  the  wind,  it  will  be  retarded 
by  the  action  of  the  wind,  and  thereibre  will  move 
against  the  wind  witli  a  less  velocit}'  than  that  with 
which  it  moves  with  the  wind. 

8.  The  pulses  are  propagated  from  the  same  body, 
and  from  different  bodies  at  the  same  time,  without 
disturbance  or  confusion.  But  the  capacity  of  distin- 
guishing different  sounds,  when  the  pulses  strike  the 
ear  in  quick  succession,  depends  upon  a  good  ear,  per- 
fected by  long  experience  and  habit. 

9.  The  particles  of  air  striking  against  any  obstacle, 
will  be  reflected  back  from  it,  under  an  angle  equal  to 
the  angle  of  incidence;  and  consequently,  new  pulses 
will  begin  to  diffuse  themselves  every  way  from  that 
place;  and,  arriving  at  the  ear,  excite  ifi  us  the  idea  of 
a  sound,  originating  from  the  place  of  reflection;  which 
secondary  sound  is  called  an  echo.  As  the  place  of  the 
sound  is  always  supposed  to  be,  where  the  waves  be- 
gin to  diffuse  themselves,  in  all  directions;  a  person, 
speaking  at  one  end  of  a  tube,  is  heard,  as  speaking 
from  the  other.  As  the  phonocamptic  object  is  more 
or  less  distant  from  tlie  first  place  of  the  sound,  the 
echo  will  be  less  or  more  distinct  and  audible;  ^ 
the  pulses  were   more   or  less    languid  before   the} 
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rere  reflected.  If  the  sound  be  reflected  from  various 
bjects,  at  difffrent  distances  from  the  ear,  it  vnnv  be 
ften  repeated,  and  thereby  constitute  the  prattling 
vho.  Hence  the  fragor  and  rumbling  noise  of  thunder 
nd  cannons:  hence,  also,  a  number  of  the  iast  syllables 
f  a  sentence  mil  be  distinctly  heard;  as  the  sound  will 
e  returned  to  the  ear,  from  different  objects,  al  differ- 
tit  distances. 

Should  all  the  puhes,  excited  at  any  place,  be  col- 
:cted  together  in  a  single  point,  after  various  reflec 
ons,  by  any  particular  contrivance,  the  sound  will  be 
i  distinctly  heard  in  this  poin*.  as  at  the  place  from 
'hence  the  waves  were  first  diffused.  Hence  we  ac- 
Hunt  for  the  effect  of  the  whispering  gallery  in  the  dome 
rSt.  Paul's  in  London.  This  dome  is  a  hollow  hemi- 
>here,  with  a  gallery  in  the  inside,  in  which  every  pulse 
KCtted  by  the  lowest  whisper  is  collected  at  the  oppo- 
le  point  of  the  gallery,  where  all  the  circles  of  the 
ihere  intersect  each  other;  and  there  the  lowest  whis- 
er  is  as  distiiicdy  heard,  as  at  the  mouth  of  the  speaker. 

From  this  projierty  of  sound,  we  may  estimate  the 
readih  of  rivers,  or  U»e  distance  of  any  object  that 
iflects  the  sound,  as  easily  as  from  the  direct  sound; 
\  the  reflected  sound  travels  at  the  same  rate  with  the 
irect;  its  velocity  being  the  same  both  before  and  after 
Section,  viz.  1142  feet  per  second.  By  this  property 
f  sound  and  the  laws  of  descent  in  falling  bodies,  we 
an  also  estimate  the  depths  of  wells,  and  the  heigh  of 
f^les,  &.C.  by  observing  how  many  seconds  elapse, 
etween  die  time  when  the  heavy  body  begins  to  de- 
:end,  and  the  time  when  the  reflected  sound  reaches 
ic  ear.  Thus, 

Let  x=[he  time,  in  seconds,  of  the  descent  of  a  stone 
■om  the  top  to  the  bottom. 
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Let  s=:thc  secoudii  elapsed  trotn  the  beguuiiiig  d 
the  descent  till  the  return  of  the  sound. 

Then  s — x=the  seconds  of  the  sound's  ascent 

Let  a=16.12  feet,  the  space  a  heavy  body  falls  ina 
second. 

Andb=U42  feet,  the  space  that  sound  moves  o»"er 
ma  second. 

Then  as  1'":  a  ::  x^:  as^=thc  height  of  the  steeple 
or  depth  of  the  welh 

And  as  1"  :  b  :;  s^x  :  bs-^bx:=;tlie  height  of  tht 
steeple,  &c. 

Then  ax'=bs — bx. 

,    b        bs 
x'+—  x=  — . 


.x=VV+I^- 


OPTICS. 

Optics  is  that  branch  of  natural  philosophy,  iriad 
explains  the  nature  of  light  and  colours,  the  cause  of 
vision,  and  the  construction  of  optical  instruments 

Optics  is  generally  divided,  by  writers  on  tluf  Mib- 
ject,  into  two  parts,  called  dioptrics  and  catoptrics;  by 
the  former  is  meant  the  vision  occasioned  by  fight 
transmitted  through  any  transparent  substance,  aodtbf 
the  latter,  the  vision  by  the  rays  of  reflected  light 

Before  we  enter  upon  this  science,  it  will  be  neces* 
sary  to  define  and  explain  a  few  terms,  which  do  not 
often  occur  in  common  life,  and  are  almost  pecularto 
this  branch  of  philosophy. 

A  ray  of  liglit  is  a  stream  of  particles  issuing  fiWD 
the  sun,  or  any  other  luminous  body,  in  one  md'Ae 
same  direction. 
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A  6eam  or  pencil  of  rays  is  a  number  of  raya  pro- 
ceeding parallel  to  each  other  irom  tlie  same  luminous 
body. 

The  axi$  of  a  beam  or  pencil  of  light  is  the  middle 
ray. 

A  medium,  in  optics,  is  any  thing  that  is  transparent 
and  affords  a  passage  for  the  rays  of  light;  and,  in  this 
sense,  a  vacuum  through  %vhich  the  rays  pass  is  deno- 
minated a  medium. 

Tiie  right  course  of  a  ray  of  light  is  a  straight  line, 
for  all  rays  proceed  in  right  lines  from  a  luminous 
body;  as  is  evident  from  the  similarity  of  the  shadows, 
which  are  projected  from  opake  bodies,  to  the  bodies 
themselves,  being  terminated  by  right  lines,  from  the 
luminous  point,  passing  through  the  various  corners 
and  sides  of  the  bodies. 

The  injiexio7i  of  a  ray  of  light  is  its  being  turned 
out  of  its  right-lined  direction,  while  it  is  passing  on 
in  the  same  medium,  by  the  attractive  force  of  any 
body,  near  which  it  passes.  If  a  pencil  of  rays  pass  by 
the  edges  of  two  knives  set  together  within  a  tenth  of 
an  inch,  they  will  be  so  much  bent  out  of  their  right- 
lined  direction,  by  the  attraction  of  the  knives,  that 
they  will  be  dispersed  in  the  shadows  of  the  knives, 
ivhich  will  therefore  be  in  contact. 

The  reJIe:rion  of  a  ray  of  light  is  its  being  so  much 
turned  out  of  its  right  course  as  to  be  sent  back  into 
the  same  medium  again. 

The  refraction  of  a  ray  of  light  is  its  being  bent  out 
of  its  course  into  another  direction,  when  it  passes  out 
of  one  medium  into  another. 

The  angle  of  incidence  in  that  contained  between  the 
incident  ray,  and  a  perpendicular  to  the  surface  of  the 
medium,  at  the  point  of  incidence.  : 
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The  angles  ofrefexion  and  of  refraetion  are  those 
contjincd  between  the  said  perpendiculars  and  ihe  re- 
flcctt-dor  refracted  rays. 

Rays  are  said  to  be  parallel,  converging,  or  diveig- 
ing,  according  as  the  lines  they  describe  are  aluaysal 
the  same  distance  from  each  other,  approach  nearer 
together,  or  recede  from  each  other  in  their  progress. 

The  point  from  which  rays  proceed,  is  called  the 
fad  tan  t  point. 

The  point  to  which  they  converge  is  denominaled 
the./oc«j. 

The  imaginary  radiant  point,  is  the  point  from 
whence  the  rays  seem  to  diverge,  when  they  have  been 
reflected  or  refracted. 

The  imaginary  focus,  is  the  point  to  which  the  raj^ 
tended  before  refraction  or  reflexion,  which  turned 
them  off"  before  they  arrived  at  it. 

The  divergency  and  convergtncy  of  rays  is  mea* 
surcd  by  the  small  angles,  contained  between  theliiw 
which  they  describe. 

If  rays  proceed  from  a  radiant  point,  or  tend  to  s 
focus  at  an  infinite  distance,  their  divergency  or  coo- 
vergeney  is  considered  as  nothing,  and  they  are  said 
to  be  parallel. 

A  lens  is  a  thin  round  piece  of  polished  glass,  ivhich 
has  both  its  sides  spherical,  or  one  side  spherical  and 
the  other  side  plane.  Of  these,  there  are  five  sorts,  viz. 
the  plano-convex,  double  convex,  plano-concave, 
double  concave,  and  meniscus,  or  concavo-convex. 

The  axis  of  a  lensh  a  line  perpendicular  to  bothm 
surfaces. 

If  the  axis  of  a  ray  coincide  with  the  axis  of  a  lens, 
it  is  said  to  fall  directly  upon  the  lens,  but  if  otherwise, 
obliquely. 
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A  mirror  is  a  polished  surface  of  glass  or  metal, 
cither  convex,  concave,  or  plane. 

After  premising  these  definitions,  we  are  next  to 
consider  the  nature  and  properties  of  the  rays  of  light. 

Light  consists  of  very  sm;ill  particles  of  matter,  verj- 

probably  of  different  magnitudes,  emitted  in  ail  di- 

MeKtions  from  a  Inminoiis  point,  in  right  lines,  with 

^■Mazing  velocity-,  and  decreasing  in  density  as  the 

Pl^ares  of  the  distances  from  the  radiant  point  increase. 

That  light  is  propagated  in  right  lines  is  evident, 
from  what  we  have  observed  already  concerning  the 
shadows  of  bodies,  being  similar  to  the  bodies  which 
project  them.  And,  indeed,  were  not  this  the  case, 
ihey  would  bend  round  them,  like  the  circular  pulses 
of  air,  which  convey  sound,  and  prevent  them  from 
casting  any  shades  at  all:  and  it  is  equally  evident, 
from  the  Impossibility  of  seeing  any  object  through  a 
bended  tube.  The  same  consideration  proves,  that  it 
consists  of  particles  of  matter,  and  that  it  is  not  an  im- 
pulse of  the  luminous  body  communicated  to  a  subtile 
elastic  fluid;  for,  upon  that  supposition,  it  would  pass 
as  easily  through  a  bended  as  through  a  straight  tube; 
and,  bending  round  an  opposing  obstacle,  it  would 
render  the  luminous  body  as  visible  as  if  nothing  stood 
in  the  way:  in  the  same  manner  that  sound  is  heard, 
by  tlie  vibrations  of  the  elastic  air.  And  as  there  is  no 
middle  opinion,  but  light  must  be  either  a  real  body, 
or  an  impulse  upon  some  subtle  fluid;  and  as  it  cannot 
be  tlie  latter,  being  continually  found  to  disagree  with 
all  the  laws  of  such  a  motion,  we  conclude  that  it  must 
consist  of  real  particles  of  matter;  especially  when  wc 
reflect  farther,  that  it  is  acted  upon  by  the  attractive 
force  of  matter,  as  well  as  other  bodies.  This  is  evident 
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Irom  the  inflection  and  refraction  of  a  ray  of  light  pas- 
sing by  the  edge  of  a  knife,  or  any  other  body,  and  its 
change  of  direction  upon  entering  a  medium  of  diflc- 
rent  density  from  the  medium  in  which  it  was  moving. 

That  light  consists  of  separate  particles  is  evident, 
from  the  reflexion  of  some  of  its  rays,  while  otbcn 
are  transmitted  by  any  object,  on  which  they  fall.  And 
our  being  able  to  see  all  the  objects  that  are  before  us, 
through  the  smallest  pin-hole  in  a  card,  by  means  of 
the  rays  that  come  from  everj-  point  of  every  one  of 
the  objects,  through  that  hole,  evidently  proves  tht 
inconceivable  smuUness  of  the  particles  of  light.  If  S 
particle  of  light  weighed  but  the  two  hundredth  paft 
of  a  grain,  it  would  strike  the  eye  with  a  momeiituffl 
equal  to  that  of  a  cannon  ball,  of  ten  pounds'  wci^, 
when  first  disch;u-gcd  from  the  cannon.  And  if  se 
small  a  particle  would  have  such  a  prodigious  mo- 
mentum, on  account  of  the  velocity  of  the  rays  of  li^ 
to  lessen  this  momentum,  they  must  be  inconceivib^ 
small  indeed,  for  the  tender  coats  of  the  eye  to  betr 
their  continual  impulses.  You  will  wonder  less  at  the 
extreme  minuteness  of  the  particles  of  light,  wheayou 
reflect  upon  what  we  have  said,  concerning  the  tnfiiuK 
divisibility  of  matter,  and  the  almost  infinite  number 
of  luminous  particles  emitted  from  a  lighted  candle 
in  a  single  instant,  which  are  sufiicient  to  render  A 
visible  in  every  point  of  a  sphere  of  eight  miles  in 
diameter. 

That  the  rays  of  light  spend  some  time  in  theirpro- 
gress  from  one  place  to  another,  and  are  not  propega- 
ted  instantaneously,  is  a  subtle  discovery  of  the  cele- 
brated Reaumur,  derived  from  his  observations  of  the 
eclipses  of  the  satellites  of  Jupiter.  If  from  the  kncnni 
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period  of  one  of  his  moons,  the  time  of  an  eclip^ 
were  calculated  for  a  spectator  in  the  center  of  the 
sun,  or  at  the  earth  at  her  mean  distance  from  Jupiter; 
it  would  be  found,  as  he  found  it,  that  when  the  earth 
was  nearest  to  Jupiter,  that  is,  in  his  oppositions,  this 
eclipse  would  happen  between  seven  and  eight  minutes 
before  the  calculated  time;  and  that  when  the  earth 
was  at  the  greatest  distance  from  Jupiter,  or  when  the 
sun  and  Jupiter  were  in  conjunction,  the  eclipse  would 
happen  as  much  later  than  the  calculated  time;  \^'hich 
phenomenon  is  to  be  accounted  for  only  on  the  sup- 
position, that  the  rays  of  light  employ  between  seven 
and  eight  minutes,  in  passing  over  the  semidiameter 
of  the  earth's  orbit,  which  is  about  ninety-five  millions 
of  nules.  From  hence  it  is  plain,  that  the  velocity  of 
ligiit  is  nearly  twelve  millions  of  miles  in  every  minute. 

That  rays  are  propagated  in  all  directions  from  every 
point  of  a  visible  body  appears  from  the  impossibility 
of  placing  an  eye  in  any  position,  from  whence  right 
lines  may  be  drawn  to  any  part  of  the  body,  but  a  suf- 
ficient number  of  rays  from  it  will  reach  the  eye  to 
make  it  visible:  provided  tlie  distance  be  not  so  great, 
9S  to  give  them  room  to  diverge  so  far  as  not  to  be 
dense  enough  to  occasion  vision,  when  they  fall  upon 
the  eye.  For, 

The  rays  of  light  decrease  in  density,  in  an  inverse 
ratio  to  the  squares  of  the  distances  from  the  radiant 
point.  The  same  number  of  particles  that  fall  upon 
any  given  surface  at  a  given  distance  must,  from  their 
right-lined  direction,  be  disseminated  over  four  times 
that  surface  at  double  the  distance,  and  over  nine  times 
that  surface  at  triple  the  distance;  and  therefore  can 
have  but  one  fourth  or  one  ninth  of  their  former  den- 
^ty  at  these  distances:  as  is  evident  from  19  E 
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Notwithstanding  the  inconceivable  minuteness  d 
the  particles  of  light,  yet  we  shall  presently  see,  whei 
we  consider  their  separation  by  the  prism,  that  thej 
probably  have  different  magnitudes  among  them- 
selves. 

If  the  rays  of  light  be  sufficiently  cobdensed  in  the 
focus  of  a  lens,  or  mirror,  they  will  bum  with  an  in- 
tensity or  force,  which  is  proportional  to  the  area  d 
the  lens  or  mirror  directly,  and  to  the  area  of  the  cir* 
cular  spot  inversely,  into  which  they  are  coUectedi  at 
the  focus:  that  is,  directly  as  the  square  of  the  ^me- 
ter of  the  lens  or  mirror,  and  inversely  as  the  square 
of  the  focal  distance.  Because,  the  larger  that  the  area 
of  the  glass  is,  so  many  more  rays  are  transmitted  or 
reflected  by  it,  and  their  power  of  burning  must  be 
proportional  to  their  number:  and  farther,  their  power 
of  burning  w411  also  be  increased  by  their  density,  be« 
cause  in  that  condition,  there  are  more  ravs  collecied 
in  a  given  space,  and  therefore  the  less  the  circular  spot 
is,  into  which  a  given  number  of  rays  is  collected  at 
the  focus,  the  greater  will  be  their  density  and  power 
of  burning.  Therefore,  as  the  power  of  burning  de- 
pends upon  both  these  circumstances,  it  will  be  direct* 
ly  as  the  area  of  the  lens  or  mirror,  or  the  square  of 
its  diameter,  and  inversely  as  the  area  of  the  spot  into 
which  the  rays  are  collected.  Now  this  circular  spot  is 
the  image  of  the  sun  inverted,  when  the  rays  proceed 
from  the  sun.  For  the  rays  which  proceed  from  one 
limb,  cross  those  that  proceed  from  the  opposite  limb, 
in  the  center  of  the  glass,  and  paint  the  image  of  the 
sun,  in  the  focus,  in  an  inverted  position.    Therefiarc 
the  image  and  the  object  will  always  appear  under  the 
same  angle  from  the  verterx  of  the  glass.    Hence  the 
image  of  the  sun,  being  always  seen  under  the  same 
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«Qgle  from  the  vertex,  will  be  greater  or  less,  in  pro^ 
portion  to  the  square  of  its  distance  from  the  vertex. 
For  the  area  of  the  image  is  proportional  to  the  square 
of  its  diameter,  by  19.  £.  6.  and  this  is  proportional  to 
the  square  of  the  focal  distance,  by  2.  £•  6.  Therefore 
as  the  intensity  of  force  in  the  rays  of  light  to  bum 
any  object  is  as  the  area  of  the  glass  directly,  and  as 
the  area  of  the  solar  image  inversely,  it  will  also  be  as 
the  square  of  the  diameter  of  the  glass  directly,  and  as 
the  square  of  its  focal  distance  inversely. 

Cor.  1.  Therefore  in  two  lenses  or  mirrors  of  the 
jaoie  diameter,  the  power  of  burning  will  be  inversely 
as  the  squares  of  their  focal  distances. 

Cor.  2.  And  in  two  lenses  or  mirrors  of  the  same 
focal  distance,  the  power  of  burning  will  be  as  the 
square^  of  their  diameters. 

The  heat  of  a  common  wood-fire  is  about  thirty* 
five  times  the  heat  of  the  rays  of  the  sun  in  their  com- 
mon state;  as  it  is  found  by  experiment  to  raise  the 
mercury  in  the  thermometer  about  thirty-five  times  as 
high  as  the  heat  of  the  sun  can  raise  it.  Would  we 
therefore  make  a  glass  of  a  given  diameter,  that  should 
bum  with  the  intensity  of  a  wood- fire;  the  area  of  the 
solar  spot  in  it,  must  be  only  one  thirty-fifth  part  of 
the  bigness  of  the  sun:  the  diameter  of  the  glass  being 
equal  to  the  apparent  diameter  of  the  sun. 

A  mirror  designed  either  for  the  purposes  of  burn- 
ing, or  the  copious  reflexion  of  light,  should  be  made 
of  the  whitest,  and  at  the  same  time  of  the  hardest  me- 
tal we  can  procure.  Because  the  harder  the  metal  is,  the 
more  perfect  polish  will  it  receive;  and  the  whiter  the 
metal  is,  the  more  copiously  will  it  reflect  the  rays  of 
light;  since  the  rays  of  the  sun,  when  thraim  promis- 
cuously upon  any  body  in  their  ortttfi  ke 
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idea  of  white:  and  therefore  a  white  body  will  reflect 
more  of  them  than  a  body  of  any  other  colour,  all  other 
circumstances  being' equal.  If  a  mirror  were  made  of 
black  marble,  though  of  a  considerable  diameter,  it 
would  scarcely  condense  the  rays  of  the  sun  to  such! 
degree  as  to  produce  any  sensible  heat.  Villette  made  k 
mirror  of  about  four  feet  diameter,  and  near  three  feel 
focus,  which  condensed  the  rays  of  the  sun  1750 
times  as  much  as  in  their  common  state,  and  therefoit 
burned  with  an  intensity  490  times  more  than  a  wood- 
fire.  But  to  make  the  rays  from  the  moon  burn,  was  on 
effect  7000  times  greater  than  what  it  could  produce. 

OPACITY  AND  TRANSPARENCY. 

When  the  rays  of  light  fall  upon  any  body,  sonc 
of  them  are  reflected  from  the  surface  to  the  tje, 
which  render  that  surface  visible:  if  any  of  them  after 
entering  the  pores  of  the  body  should  be  reflectedio 
the  eye  by  any  of  the  internal  particles,  these  parti- 
cles will  also  become  visible:  and  should  a  sufficient 
number  be  reflected  to  the  eye  from  all  the  internal 
particles  of  any  body,  the  whole  would  become  risi- 
ble, and  the  body  would  be  denominated  transpawa 
or  diaphotions.  But  if  the  rays  of  light,  after  enterii^ 
the  pores  of  the  body,  be  variously  rcBeelcd  from  p«r- 
ticlc  to  particle  in  different  directions,  so  that  thcy 
arc  suffocated  and  lost,  and  few  or  none  of  them  come 
to  the  eye  from  the  internal  parts  of  the  body,  to  ren- 
der them  visible,  the  body  is  said  to  be  opakci  and 
nothing  but  the  external  surface  of  such  a  body  on 
be  seen  by  us,  as  the  internal  particles  return  noiars 
to  the  eye,  by  which  they  might  be  seen. 

Altliough  the  wliole  body  may  be  opake,  yet  Uic 
minute  parts,  of  which  it  is  composed,  may  transmit 
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the  rays  of  light,  and  become  transparent;  as  is  ^ 
dent  ill  the  thin  plates  of  an  oyster- shell. 

The  transparency  of  a  body  depends  upon  the 
smallness  of  its  pores.  Because  if  they  were  large, 
there  would  be  an  uregular  reflexion  of  the  light, 
from  the  air  which  fills  them.  Although  paper  is 
opuke,  yet  when  its  pores  are  filled  with  a  substance 
of  nearly  the  same  density  with  itself,  such  as  oil  or 
water,  it  becomes  transparent.  If  a  number  of  plates 
of  polished  glass  be  laid  together,  so  as  tu  admit  athin 
plate  of  air  between  each  of  them,  the  rays  of  light, 
in  passing  through  ihem,  will  be  variously  reflected 
by  the  air,  but  few  of  tKm  will  be  transmitted 
through  the  whole,  and  it  will  thcrcliy  become  opake. 
But  if  die  plates  of  air  be  removed,  and  water  substi- 
tuted in  their  place,  or  if  the  jiolished  surfaces  of  the 
gl^ss  be  brought  into  close  contact,  the  rays  of  light 
will  be  transmitted,  and  the  whole  will  be  tranSr 
parent.  A  piece  of  transparent  glass  is  rendered 
opalcc,  by  being  reduced  to  a  powder,  and  having 
it&  pores  greatlj-  enlarged;  so  is  water  or  beer,  when 
agitated  into  froth.  Therefore  the  pores  of  bodies 
must  not  be  less  than  of  a  certain  assignable  dimen- 
sion, to  render  them  opake;  for  by  making  them  less, 
or  fdling  them  with  a  body  denser  than  air,  they  be- 
come transparent.  We  need  not  be  much  surprised 
at  this,  when  we  reflect  upon  the  extreme  minuteness 
of  the  particles  of  light,  and  tlie  possibility  of  having 
the  solid  parts  of  a  body  in  any  assignable  proportion 
to  tlie  pores,  and  yet  none  of  these  pores  exceeding 
af\y  given  diameter  or  magnitude. 
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REFRACTION  OF  LIGHT. 

When  a  ray  of  light  passes  out  of  one  medil 
into  another  of  different  density,  in  a  direction 
pcndiciilar  to  the  surface  of  the  second  medium,  itts 
accelerated  or  retarded  in  its  motion,  according  as  the 
second  medium  into  which  the  ray  enters,  is  of  great- 
er  or  less  density  than  the  other;  but  it  suffers  00 
change  in  its  direction.  As  there  are  more  particles 
in  a  given  space,  in  the  surface  of  the  denser  medium, 
thau  in  the  rarer,  to  attract  the  ray  of  light,  while 
it  is  approaching  the  denser  medium,  and  the  at- 
tractive force  is  exerted  in  the  direction  in  which 
the  ray  moves,  its  motion  will  be  accelerated  for 
a  small  space  before  and  alter  its  entrance  into 
medium;  until  the  attraction  in  contrary  direct 
become  equal.  But  when  it  is  moving  out  of  a 
into  a  rarer  medium,  its  motion  for  the  same 
will  be  retarded. 

If  a  ray  of  light  fall  obliquely  on  a  denser  m* 
while  it  is  moving  through  a  rarer,  it  will  not 
have  its  velocity  increased,  but  will  also  have  its  di- 
rection altered  into  another,  nearer  to  the  perpendioA* 
lar  to  the  surface  of  the  denser  medium  at  the 
of  incidence.  For  it  is  then  acted  on  by  two  fa 
by  one  in  the  direction  of  its  own  motion,  and 
attractive  force  of  the  denser  medium  in  a  dii 
perpendicular  to  its  surface.  The  ray  must  thei 
move  in  the  diagonal  of  a  parallelogram,  whose  s« 
are  in  the  directions  of  these  forces;  that  is,  it  must 
move  in  a  direction  nearer  to  the  perpendicular,  mak- 
ing the  angle  of  refraction  less  than  the  angle  of  in- 
cidence. But  if  the  ray  move  out  of  a  denser  into  a 
rarer  medium,  it  will  be  refracted  from  the  perpendi- 
cular, making  the  angle  of  refraction  greater  than  the 
angle  of  incidence:  so  that  what  was  before  the  angle 


277 


C»f  incidence,  tmjw  becomes  the  angle  of  refraction,  and 
i»'ice  versa. 

This  may  be  illustrated  by  a  well  known  experi'. 
ment .  Let  a  dollar  be  placed  in  the  bottom  of  a  bason 
On  the  floor,  and  if  you  recede  from  it,  until  a  ray 
from  the  farther  edge  of  it,  just  passing  by  the  edge  of 
the  bason,  reach  the  eye,  so  that  the  whole  dollar  be- 
comes invisible;  in  this  position  of  the  eye,  if  the  bason 
be  filled  with  water,  the  whole  dollar  will  become  visi- 
t>Ie;  as  the  ray,  which  now  comes  from  the  nearer  edge 
of  the  dollar,  is  refracted  from  the  perpendicular,  upon 
its  pass^e  out  of  the  water  into  the  air,  and  thereby 
■a  brought  low  enough  to  enter  the  eye. 

The  velocity  of  the  ray  of  light,  after  it  enters  a 
denser  medium,  is  to  its  velocity  before  it  enters  it, 
as  the  sine  of  the  angle  of  incidence  to  the  sine  of  the 
sngle  of  refraction.  For  the  greater  that  the  attractive 
force  of  the  denser  medium  is,  the  more  will  the  ray 
fee  bent  towards  the  perpendicular,  and  the  less  will 
fce  the  sine  of  the  refracted  angle.  The  attractive  force 
^f  the  denser  medium  acts  in  right  lines  perpendicular 
■^o  its  surface,  whereas  the  direction  of  the  incident 
jray  is  supposed  to  be  oblique  to  the  surface  of  the 
denser  medium.  The  diagonal,  therefore,  which  the 
refracted  ray  will  describe  by  the  joint  influence  of 
"^hese  two  forces,  must  lie  nearer  to  the  stronger  of 
these  forces,  and  we  say  in  the  proportion  of  the  sines 
inversely.  Let  RO*  be  aray  of  light  movingthrough 
a  rarer  medium  ATB,  and  incident  on  the  denser 
medium  BGA  in  the  point  O;  instead  of  going  on  in 
the  same  direction  ROG,  it  will  be  refracted  into  the 
line  OF,  and  have  its  velocity  increased  in  the  pro- 
portion of  RC  to  FD,  or  the  sine  of  the  angle  of  inci- 

•  See  PUkc  ♦,  fig.  s, 
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dence  lo  the  sine  of  the  angle  of  refraction: 
velocity  in  the  denser  medium  will  be  as  mu 
er  than  that  in  the  rarer  medium  as  the  sine 
angle  of  incidence  is  greater  than  the  shie  of  th( 
of  refraction.  Let  its  velocity  in  the  rarer  medi 
represented  by  RO,  which  may  be  resolved  in 
and  CO  or  RH,  whereof  the  first  is  parallel 
surface  of  the  attracting  denser  medium,  and  th( 
is  perpendicular  to  it.  Now  the  force  of  attr 
acting  in  directions  perpendicular  to  the  surface 
not  at  all  alter  the  force  or  velocity  in  parallel  < 
tions.  And  therefore  the  ray  proceeding  wid 
motion  will  in  equal  times  go  through  those 
parallel  intervals,  that  lie  between  RH  and  CC 
between  OK  and  JS.  Produce  the  refracted  r 
it  meet  IS  in  the  point  S.  Now  as  the  ray  i 
through  the  denser  medium  by  the  joint  effici 
the  two  forces  01  and  IS  in  the  diagonal  of  a 
Iclogram,  whose  sides  are  in  proportion  to  th( 
will  pass  over  the  diagonal  OS,  in  the  time  t 
would  pass  over  the  space  01,  or  HO,  or  RC, 
parallel  motion  alone,  that  is  in  the  time  of  desa 
RO.  Now  make  OF=RO,  and  SO  will  rep 
the  velocity  of  the  ray  in  the  denser  medium,  M 
or  RO  will  be  its  velocity,  as  before,  while  it  vm 
rarer  medium.  But  FO  :  SO  ::  FD  :  SK=01= 
RC;  that  is,  the  velocity  of  the  ray  of  lighl  i 
rarer  medium  is  to  its  velocity  in  the  denser  ma 
as  the  sine  of  the  angle  of  refraction  is  to  the  si 
the  angle  of  incidence.  Q.  E.  D. 

Cor.  As  die  difference  between  the  velocitiej 
ray,  moving  in  any  two  given  mediums,  must  ad 
be  the  same;  let  the  obliquity  of  the  ray  be  wl 
will;  it  follows,  that  the  sines  of  the  angles  of 
dence  and  refraction  will  always  be  in  a  constan 
tio  lo  each  other,  in  all  obliquities  of  the  incideni 
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because  these  sines  are  as  the  velocities  in  the  diflfe- 
rent  mediums  inversely,  and  these  velocities  do  not 
depend  upon  the  obliquity  of  the  ray,  but  on  the  at- 
tractive force  of  the  mediums. 

The  refraction  of  a  ray  of  light  is  not  made,  all  at 
once,  upon  its  passing  from  one  medium  into  another, 
but  gradually,  and  partly  in  one  medium  and  partly  in 
the  other;  and  as  it  is  acted  upon  by  two  forces,  viz. 
its  own  projectile  force,  by  which  it  passes  over  .spa- 
ces proportional  to  the  times,  and  by  the  attractive 
force  of  the  denser  medium,  which  is  as  the  squares 
of  the  times;  it  will  move  in  the  curve  of  a  parabola, 
by  what  we  have  demonstrated  in  the  doctrine  of 
projectiles. 

It  is  found  by  experiment,  that  when  a  ray  passes 
out  of  air  into  water,  the  sine  of  the  angle  of  incidence 
is  to  the  sine  of  the  angle  of  refraction,  as  4  to  3;  and 
when  out  of  air  into  glass,  as  3  to  2,  or  rather  as  17 
to  11,  more  nearly.  And  if  the  passage  of  the  ray  be 
the  contrary  way,  the  proportion  is  inverted,  as  the 
angle  of  incidence  now  becomes  the  angle  of  refrac- 
tion, and  vice  versa.  It  is  also  a  general  observation, 
that  the  denser  any  medium  is,  the  greater  is  its  re- 
fractive power,  as  more  particles  attract  the  ray  in  a 
given  space;  and  consequently  the  greater  will  be  the 
disproportion  between  the  sines;  yet  oils  and  sulphu- 
reous bodies  refract  the  rays  of  light  more  than  other 
bodies  of  equal  density. 

As  the  eye  is  not  sensible  of  any  alteration  in  the 
direction  oif  a  ray  of  light,  by  its  refraction,  it  always 
views  the  object,  from  whence  the  ray  proceeds,  in 
the  direction  of  the  ray  when  it  enters  the  eye.  Hence 
the  bottoms  of  vessels  filled  with  water  appear  ele* 
vated  above  their  real  situation;  hence  aho  a*8tick, 
partly  in  water  and  partly  in  air,,  appeawol^ 
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bent  at  the  place  where  the  air  and  water  mce 
the  part  that  is  under  water  is  elevated  above  its 
situation.  Hence  also  we  account  for  the  ell 
figure  of  the  horizontal  sun  or  moon.  As  the  raji 
proceeding  from  the  lower  limb  are  more  refracted  by 
passing  through  tlie  atmosphere,  than  the  rays  vhitA 
come  from  the  upper  limb,  and  therefore  through  J 
part  of  the  atmosphere  that  is  less  dense.  Hence  iIk 
upper  and  lower  limbs  will  appear  to  be  brought  mS- 
er  together,  than  their  real  distance,  while  the  easlen 
and  western  limbs  will  be  equally  elevated,  and  there- 
fore kept  at  the  same  diistance  from  each  other.  Tht 
vertical  diameter  therefore  will  appear  to  be  shorten- 
ed, while  the  horizontal  diameter  continues  of  (be 
same  dimensions.  Hence  also  the  sun,  moon,  and  stars, 
when  nearthe  horizon,  appearilcvated  above  theirial 
positions;  because  as  the  rays  from  them  passthroof^ 
a  vacuum  into  the  air,  they  are  refracted  towards  ibc 
perpendicular,  and  coming  to  the  eye  in  an  angle  cf 
greater  elevation  above  the  horizon,  will  repmeol 
the  object  in  a  higlu-'r  situation  than  what  is  real  So 
that  the  sun  or  a  star  may  be  seen  before  ihry  vc 
actually  risen  above  the  horizon. 

If  a  ray  of  light  move  through  a  denser  irt^jfrti 
with  such  obliquity,  that  when  it  should  emerge  tnU 
a  rarer,  the  angle  of  refraction,  according  to  the  pro- 
portion stated  above,  should  be  more  than  a  rights- 
gle,  the  ray  will  not  be  refracted  into  the  rarer  medium, 
but  will  be  returned  through  the  denser,  making  the 
angle  of  reflexion  equal  to  the  angle  of  incidence.  Be- 
cause when  it  approaches  near  to  the  surface  of  the 
rarer  medium,  it  will  move  in  the  curve  of  a  paraboh, 
for  a  small  space,  from  what  has  been  already  obserr- 
ed,  and  when  it  is  ready  to  emerge  into  the  rarer  me- 
dium, the  angle  of  refraction  should  be  either  a  righl 
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angle  or  greater.  If  it  emerged  into  the  rarer  mediuniy 
when  the  angle  of  refraction  would  be  a  right  angle,  it 
would  move  along  the  surface  of  either  medium,  where 
they  were  in  contact;  but  this  it  cannot  do,  because  it 
is  more  attracted  towards  the  denser  medium,  than  to- 
.  wards  the  rarer,  and  consequently  it  will  return  through 
the  denser  medium  in  a  similar  curve  of  a  parabola, 
whose  principal  vertex  is  at  the  point  of  reflexion,  and 
which  will  make  the  same  angle  with  every  parallel  plane 
of  thedensermedium.  Now  if  you  conceive  the  number 
of  the  parallel  planes  into  which  the  denser  medium 
is  divided  to  be  infinite,  and  their  distance  exceeding- 
ly small,  so  that  the  action  of  the  attractive  force  may 
be  perpetual,  the  angle  of  reflexion  being  always  equal 
to  the  angle  of  incidence,  at  any  one  of  these  planes, 
they  will  be  equal  at  last;  and  the  ray  will  emerge  at 
last  from  the  denser  medium  on  the  same  side,  on 
which  it  was  incident,  and  in  the  same  angle.  This 
will  happen  in  glass,  when  the  angle  of  incidence  is 
about  40*^  20',  and  air  is  in  contact  with  its  second 
surface;  for  then,  none  of  the  rays  that  a^e  incident 
upon  it,  in  a  greater  angle,  will  be  transmitted  into 
the  air,  but  will  all  be  reflected  in  an  angle  equal  to 
the  angle  of  reflexion. 

What  we  have  hitherto  said  concerning  the  reflex- 
i<Hi  and  refraction  of  a  ray  of  light,  is  upon  the  suppo- 
sition of  an  equal  degree  of  reflexibility  and  refrangi- 
bility  in  the  rays  of  light:  but  this  will  not  be  found 
to  be  strictly  true.  For  the  rays  of  light  are  differently 
refrangible,  and  as  differently  reflexible. 

If  the  rays  of  light  be  transmitted  through  a  prism, 
ihey  will  be  refracted  in  different  directions,  and  se- 
parated into  the  seven  original  colours,  in  the  foUow- 
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iiig  order:  red^  orange^  yellow ^  g^reen^  blue^  indigo^ 
and  violet.  The  red  rays  beingthc  least  refrangible,  the 
violet  the  most,  and  the  intermediate  rays  susceptible 
of  intermediate  degrees  of  refraction.  From  this  wccon- 
clude,  that  the  particles  of  light  are,  very  probablyj  of 
different  magnitudes;  assomeof  them  are  more  power- 
fully attracted  by  the  prism  than  others.  The  red  rays 
must  consist  of  the  largest  particles;  hence,  movii^ 
with  the  same  velocity  as  the  rest,  they  will  have  a 
greater  momentum,  on  account  of  their  greater  mag^ 
nitude,  to  overcome  the  force  of  attraction,  and  there- 
fore will  be  less  tunied  out  of  their  former  direction 
by  the  prism;  and  the  violet  rays,  consisting  of  the  least 
particles,  will,  of  consequence,  be  most  refracted. 
'  Nor  are  all  the  rays  of  the  same  colour  equally  re- 
frangible; for,  consistingof  particles  of  different  mag- 
nitudes among  themselves,  they  are  refracted  to  dif- 
ferent places,   and  therefore  cover  a  considerable 
space.  Nay  some  of  the  red  rays  are  more  refrangible^ 
than  some  of  the  orange,  and  some  of  the  orange 
than  some  of  the  yellow,  &c.  so  that  the  rays  of  dif- 
ferent colours  are  not  refracted  into  separate  spaces, 
but  are  mixed  together,  towards  the  verges  of  the  diffe- 
rent colours;  and  hence,  it  isdifficulttodetermine where 
one  colour  ends  and  another  begins.  Were  these  rays 
equally  refrangible,  the  sun's  image  formed  by  the 
prism  would  be  round  like  the  sun.  But  there  are  as 
many  images  formed,  as  there  are  rays  of  different 
colours,  one  above  another,  and  overlapping  one  an- 
other when  the  sun's  rays  pass  through  a  prism;  or 
one  beyond  another  when  they,  pass  through  a  lens. 
That  colour  is  an  inherent  property  of  the  rays  of 
lip:ht,  and  that  it  does  not  depend  upon  the  refractive 
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lower  of  the  prism,  is  evident  from  tliis  expeiiment. 
f  the  rays  of  the  sun  fall  upon  a  prism,  and  be  there- 
ty  refracted  into  their  difierent  colours,  and  the  rays 
f  any  particular  colour,  as  red  or  blue,  be  separately 
ransmitted  throngh  a  second  prism,  they  are  no  far- 
tier  separable.  They  are  indeed  refrangible,  and  may 
le  refracted  in  a  different  direction;  but  the  colour  is 
ever  changed.  If  the  colour  depended  upon  any  ope- 
ation  of  the  prism,  and  were  not  inherent  in  the  rays 
if  light,  the  second  prism  would  separate  llie  rays  as 
rellasthe  first.  This,  however,  never  happens:  the  red 
ays  continue  red,  and  the  blue  rays,  blue,  after  trans, 
iiission  through  the  second  prism.  But  we  shall  say 
norc  on  this  subject,  when  we  come  to  cojisider  the 
olours  of  natural  bodies. 

If  the  solar  rays  be  equally  refracted  by  two  prisnu^ 
if  different  WmAs  of  glass,  the  dispersion  of  the  ray*  J 
if  any  colour,  effected  by  the  one  may  be  much  great-' 
T  than  that  by  the  other,  and  the  coloured  spectrum  (w;  ] 
mage  of  the  sun  formed  by  the  one  will  be  mucht  j 
onger  than  that  formed  by  the  other.  It  is  found,  that 
n  equal  angles  of  mean  refractions,  a  prism  of  whit©  i 
lint  glass,  in  the  composition  of  which  there  is  a  con-j 
iiderable  quantity  of  lead,  will  disperse  the  component  i 
;olours  of  light,  much  more  than  a  prism   which 
ibounds  with  alkaline  salts. 


REFLEXION  OF  LIGHT. 
When  the  rays  of  light  fall  upon  any  body,  instead  ' 
)f  being  transmitted  through  its  pores-,  they  arc  co-  | 
;)iously  reflected  back;  not  by  impinging  on  the  solid ^ 
pam  of  the  body  and  rebounding  again  like  an  elastic 
ball,  but  by  some  power  that  is  equally  diffused  over 
ihe  surface  of  the  body,  and  very  probably  of  a  re- 
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pulsive  kind;  as  we  know,  that  where  the  attraction  oi 
cohesion  ends  a  power  of  fKpulsion  begins.  And 
many  of  them  are  reflected  from  the  second  surface 
of  the  glass,  after  having  entered  its  pores.  There 
are  many  reasons,  which  induce  us  to  believe,  that 
light  is  reflected  in  the  manner  above  mentioned.  If 
it  be  incident  upon  glass  in  an  obliquity  of  41"  or  42*. 
when  air  is  in  contact  with  the  second  surface,  it  ii 
wholly  reflected.  But  in  this  degree  of  obliquitr,  if 
water  be  in  contact  with  the  second  surface  of  the 
glass,  the  rays  will  be  transmitted  through  it,  until 
the  obliquity  be  increased  to  45°  or  46*.  Now  it  can- 
not be  supposed,  thai  in  one  degree  of  obliquity,  the 
rays  of  light  should  meet  with  nothing  but  pores  to 
transmit  them,  and  iu  auolher  degree,  with  nothin| 
but  solid  particles  to  reflect  them :  nor  that  rtiej 
should  meet  with  more  particles  in  air  than  in 
water  to  reflect  them.  We  find  also  that  the  reflex- 
ion from  the  first  surface  is  less  copious  than  that 
from  the  second;  and  in  general,  the  rarer  that  any 
transparent  medium  is,  that  is  in  contact  with  the  se- 
cond surface  of  glass,  the  more  copious  is  the  reflex. 
ion.  If  glass,  water,  air,  and  a  vacuum  be  succcs. 
sively  applied  to  the  second  surface  of  glass,  the  ravs 
of  light  will  be  more  copiously  reflected  in  each  suc- 
ceeding e-'iperimeni  than  in  the  former.  Now  it  tsab- 
surd  to  suppose  that  light  should  meet  with  more 
solid  particles  to  reflect  it,  the  rarer  the  medium  is, 
which  causes  the  reflection;  and  that  it  should  mrct 
with  more  solid  particles  in  a  vacuum,  where  tfiere 
are  none  at  all  to  reflect  it,  than  in  glass  or  water:  ud 
yet  the  reflexion  from  it  is  most  copious:  and  fnU 
air  more  copious  than  from  water,  and  from  water, 
than  from  glass. 
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icsides,  Sir  Isaac  Newton  found  that  the  rays  ol* 

t^jht  uere  as  diffLTently  reflexible  as  they  were  re- 
frangible; and  that  those  that  were  most  refrangible, 
were  also  most  reflexible.  Hence  it  is,  that  the  atraos- 
phere  appears  to  be  blue.  When  all  the  rays  of  other 
oolours  are  transmitted  through  the  atmosphere  near 
to  the  top  of  it,  where  it  is  exceedingly  rare,  the 
blue  rays  alone,  being  most  easily  reflected,  are 
brought  to  the  eye.  Blue  rays  will  be  reflected  when 
others  are  transmitted. 

If  the  object-glass  of  a  refracting  telescope,  of  con- 
siderable focal  length,  were  laid  upon  a  plane  glass, 
the  tight  falling  upon  the  thin  plate  of  air  between  the 
glasses  will  be  alternately  transmitted  and  reflected, 
at  different  distances  from  the  center,  or  point  of  con- 
tact. In  the  center,  where  the  lens  and  glass  are  in 
contact,  the  light  will  be  wholly  transmitted,  and  there- 
by cause  the  central  spot  to  appear  black.  At  a  small 
distance  from  thence  the  light  will  be  reflected  in  va- 
rious coloured  rings,  and  so  on  to  a  considerable  dis- 
tance from  the  center.  Should  these  distances  be  ta- 
ken in  arithmetical  progression,  as  0,  1,  2,  3,  4,  5, 
8tc.  then  at  the  distances  U,  2,  4,  6,  8,  &c.  the  light 
will  be  transmitted,  and  at  the  distances  1,  3,  5,  7,  9, 
8lc.  it  will  be  reflected.  The  same  appearances  are 
observed  in  bubbles  of  water,  rendered  tenacious  by 
a  litde  soap.  But  in  these,  the  concentric  rings  of  co- 
loured light  reflected,  continually  expand,  as  the  bub- 
ble grows  thinner  by  the  continual  subsiding  of  the 
water,  until  the  bubble  breaks. 

These  phenomena  prove,  not  only  that  some  rays 
may  be  transmitted  while  others  are  reflected;  but 
also,  that  the  reflexion  depends  upon  the  thickness  of 
,  and  of  the  plate  of  air  between  the  glasses. 
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But  tliat  which  proves,  beyond  all  contradiction,  tbal 
the  rays  are  differently  reflexible,  according  to  Acir 
rcfrnngibility,  is  the  foUowing  experiment. 

After  the  rays  of  the  sun  are  separated  by  a  prism, 
let  them  be  received  by  another,  ivhich,  by  its  revolu- 
tion on  its  axis,  will  begin  to  reflect  the  violet  rays,  while 
it  transmits  the  rays  of  other  colours,  and  reflects  Ac 
red  rays  last  of  all. 

Tliis  may  be  adequately  accounted  for,  upon  the 
supjjosition,  that  the  \iolet  rays  arc  of  the  least  magni- 
tude, and  therefore,  coming  with  the  least  momentum, 
are  most  easily  reflected  by  the  repulsive  ibrcc  of  the 
medium  on  which  they  are  incident. 

But  that  the  transmission  of  rays  of  one  colour,  at 
the  same  place,  where  others  of  a  different  colour  wete 
reflected,  should  depend  upon  the  different  thickness 
of  the  medium  through  which  they  pass,  or  rf  tint 
which  reflects  them,  is  not  so  easily  accounted  for.  Sr 
Isaac  Newton,  to  whom  we  ai-e  indebted  for  all  dm 
we  know  of  light,  supposes  that  we  have  sufficient 
foundation  from  ihis  phenomenon  to  conclude,  that^ 
rays  of  light,  in  their  passage  from  the  sun,  are,  at  cer- 
tain intervals,  disixjsed  to  be  alternately  transmitted  and 
reflected.  After  all  the  experiments  which  he  made  upno 
light,  that  prince  of  philosophers  confessed,  that  be  vras 
not  able  to  account  for  the  mode  of  operation  which 
nature  uses  in  producing  these  phenomena.  Yet,  even 
the  hypotlieses  of  so  great  a  genius  are  not  to  be  ligh% 
rejected.  His  solution  of  this  ap|M;arance  is  conaoaat 
to  that  simplicity  and  regularity,  which  we  discover  in 
all  the  works  of  nature.  His  opinion  was,  that  if  the  nys 
of  light  were  incident  on  any  medium,  in  a  fit  of  ctsf 
transmission,  they  were  accordingly  transmitted;  but  if 
in  a  fit  of  easy  reflexion,  they  were  reflected. 
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upon  a  piece  of  green  cloth,  as  it  can  rcHcct  none  else, 
it  must  appear  red;  and  so  for  :iny  other  colour. 

3.  If  rays  of  any  particular  colour  be  more  copiously 
reflected  from  any  body,  it  will  appear  of  that  colour 
whose  rays'it  reflects  most  copiously.  Yet  the  colour 
will  not  be  so  vivid,  as  if  no  heterogeneous  rays  were 
reflected  at  the  same  time.  It  will  be  in  some  measure 
diluted  and  tinged  with  the  colours  of  the  other  rays. 

4.  If  all  the  rays  of  the  sun  were  equally  and  promis- 
cuously reflected  from  a  body,  it  would  appear  white, 
a  little  inclining  to  yellow,  which  is  the  colour  of  the 
sun's  rays  when  blended  tc^ther.  If  tlie  rays  of  the  sun, 
when  once  separated  by  the  prism,  were  again  collected 
in  the  focus  of  a  large  lens,  and  thrown  together  in 
confusion,  they  would  appear  white.  There  is  a  condi- 
tion relating  to  sight,  which  suggested  the  method  of 
ascertaining  this  matter  bej'tmd  contradiction;  which  is, 
that  the  impressions  of  light  remain  for  some  short  space 
of  time  upon  the  eye.  As  when  a  burning  coal  is  whirled 
about  in  a  circle;  if  the  motion  be  very  quick,  the  eye 
will  not  be  able  to  distinguish  the  coiil  in  any  particu- 
lar part  of  the  circle,  but  will  see  a  complete  circle  of 
fire.  The  impression  made  by  the  coal  in  anyone  posi- 
tion is  not  entirely  worn  out,  until  the  coal  returns  again 
to  the  same  place  and  renews  the  impression.  This  led 
sir  Isaac  Newton  to  try  whether  the  rays  of  light  would 
not  appear  white,  when  thrown  upon  the  eye  in  such 
quick  succession,  as  that  it  should  not  distinguish  any 
particular  colour.  He  therefore  contrived  an  instrument 
like  a  comb,  whicli,  when  applied  behind  the  prism  or 
lens,  would  intercept  some  of  the  colours  of  the  refract- 
ed ray,  while  it  transmitted  the  rest,  and  found  that 
while  it  was  moved  slowly,  the  sun's  image  changed 

^_Mlour  everv  moment,  according  as  this  or  that  partipij^ 
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And  the  icBected  nys,  bei^  all  of  one  sort,  or  of  quer- 
ent sots  in  difierent  propQctioiu,  give  us  the  idoto  of 
diSerent  colours. 

The  cdouis  of  natural  bodes  art  not  inherent  in 
them,  but  are  dqiendent  on  die  rB]r8  of  light.  Were  all 
Ae  rayt  of  the  hod  of  the  aame  ojoun  there  would  b* 
no  other  hi  the  world.  If  icd  ibtb,  fix-  instance,  wet^ 
inddent  on  any  body,  and  ncHie  else,  the  body  wotdi 
appear  red,  wfaaterer  migitt  be  its  nataral  colour.  Natit> 
nd  bodies  may  have  particles  in  then*  surfaces,  of  sud 
a  determinate  magnitude,  as  to  be  adapted  to  die  re- 
flexion of  tbe  rays  of  light  of  a  particular  coloiir»'|MR 
o^uoualy,  than  those  of  any  other  colour,  and  llincbf 
appear  oi  tbtt  particular  odour,  which  haa  occMiKand 
dieirbdi^demHninated  blue,  or  green,  or  red,  tv^\H* 
if  the  fed  rays  of  %ht  alcme  ^  upcai  a  body  iiamif 
Rated  green,  as  it  can  reflect  no  other  kind  of  n^  it 
must  necessarily  ai^iear  red.  Hence,  we  coDchidrt^ 

1.  If  tbe  rays  of  l^t  be  wholly  transmitted  or^warijr 
so,  the  bo(fy,  which  transmits  them  will  appear  j^^-t, 
which  is  tlK  absence  of  all  coloured  light,  aa  aHM^ 
appear  black  in  the  daik.  We  have  indeed  not  amy  bo- 
dies perfect^  black,  ance  then  they  would  be  invWUe; 
for  the  blackest  bodies,  with  which  we  are  act^niated, 
always  reflect  some  lig^t,  by  which  they  are  seen,  al- 
though not  in  such  quanti^,  as  to  exdte  in  us  in  ida 
of  any  particular  colour.  This  ^ipears  from  the:blkcl- 
ness  of  the  central  spot  in  the  lens,  and  die  bqfalbie' 
where  the  rays  are  ahnost  all  transmitted. 

3.  If  rays  of  any  particular  colour  alcHie  be  reflcflcd 
by  a  body,  it  will  appear  of  that  colour  and  t£  no  oAxt, 
whatever  nuy  be  its  appearance  when  it  reflects  the  lays 
nf  every  cobur  promiscuously.  If  red  rays  alcxie  ii^ 
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a  piece  of  green  cloth,  as  it  can  reflect  none  else, 
it  appear  red;  and  so  for  any  other  coloun 
f  rays  of  any  particular  colour  be  more  copiously 
ed  from  any  body,  it  will  appear  of  that  colour 
ray s^  it  reflects  most  copiously.  Yet  the  colour 
Dt  be  so  vivid,  as  if  no  heterogeneous  rays  were 
ed  at  the  same  time.  It  will  be  in  some  measure 
1  and  tinged  with  the  colours  of  the  other  ray^. 
fall  the  rays  of  the  sun  were  equally  and  promis»- 
ly  reflected  fix)m  a  body,  it  would  appear  white, 
inclining  to  yellow,  which  is  the  colour  of  the 
-ays  when  blended  togethei-.  If  the  rays  of  the  sun, 
>nce  separated  by  the  prism,  were  again  collected 
focus  of  a  large  lens,  and  thrown  together  in 
ion,  they  would  appear  white.  There  is  a  condi- 
^lating  to  sight,  which  suggested  the  method  of 
lining  this  matter  beyond  contradiction;  which  is, 
e  impressions  of  light  remain  for  some  short  space 
e  upon  the  eye.  As  when  a  burning  coal  is  whirled 
in  a  circle;  if  the  motion  be  very  quick,  the  eye 
Kt  be  able  to  distinguish  the  coal  in  any  particu- 
t  of  the  circle,  but  will  see  a  complete  circle  of 
'he  impression  made  by  the  coal  in  any  one  posi- 
not  entirely  worn  out,  until  the  coal  returns  again 
same  place  and  renews  the  impression.  This  led 
ac  Newton  to  tr}*^  whether  the  rays  of  light  would 
pear  white,  when  thrown  upon  the  eye  in  such 
succession,  as  that  it  should  not  distinguish  any 
liar  colour.  He  therefore  contrived  an  instrument 
comb,  which,  when  applied  behind  the  prism  or 
vould  intercept  some  of  the  colours  of  the  refract- 
,  while  it  transmitted  the  rest,  and  found  that 
it  was  moved  slowly,  the  sun's  image  changed 
every  moment,  according  as  this  or  that  particu- 
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lar  colour  was  transmitted;  but  that  when  the  ntotiQit  ] 
was  very  quick,  the  eye  lost  all  perception  of  the 
tinct  colours,  which  came  to  it  from  time  to  time,  and 
a  perfect  whiteness  resulted  from  a  mixture  of  all  the 
impressions  of  the  different  colours  on  the  eye.  The 
same  may  be  proved  by  painting  the  circumference  of 
a  wheel,  with  the  seven  original  colours,  in  proportion 
to  their  breadths  when  they  arc  separated  by  the  prism; 
for  if  this  wheel  be  turned  quickly  on  its  axis,  the 
whole  painted  circumference  will  appear  white. 

From  what  we  have  said,  it  appears  that  the  colours 
of  natural  bodies  are  not  inherent  in  them,  but  depend 
solely  upon  the  rays  of  light,  which  they  reflect;  and 
that  diey  appear  of  this  or  that  particular  colour,  00^ 
from  the  aptitude  of  their  surfaces  to  reflect  one  species 
of  coloured  light  rather  than  another,  or  in  a  greaKT 
quantity;  and  that  this  aptitude  arises  from  nothing  bat 
the  different  sizes  of  the  particles  and  pores  in  iiat 
surfaces. 

The  minute  parts  of  all  opake  bodies,  except  metab, 
are  transparent,  as  is  evident  from  the  transmission  of 
light  through  thin  plates  of  them;  and  even  metals  be- 
come transparent,  when  dissolved  in  a  strong  acid. 
And  between  the  solid  parts  of  opake  and  colouitd 
bodies  there  must  be  many  spaces  or  pores,  eiihet 
empty  or  replenished  with  other  mediums  of  differ«it 
densities,  as  water  between  the  solid  particles,  which 
;ive  it  any  particular  tinge,  or  air  between  the  aqueous 
globules,  that  constitute  mists  and  clouds:  and  possiUy 
there  may  be  spaces  void  of  bodi  air  and  water,  and 
yet  filled  with  some  other  more  subtile  substance.  For 
we  find,  that  there  are  various  reflexions  of  light  made 
from  the  internal  parts  of  bodies,  and  that  these  re- 
flexions are  made  only  when  the  ray,  in  its  progress, 


i-itli  a  medJum  of  different  density,  and  i 
copiously  xvhen  Uiis  difference  is  greatest.  As  the  thin 
plate  of  air  between  the  convex  and  plane  glasses,  men. 
doned  before,  transmitted  or  reflected  the  rays  of  diffe- 
rent colours,  according  to  its  different  thicknesses:  and 
as  the  concentric  rings  of  colours  appearing  in  the  bub- 
ble  of  water,  continually  varied  with  the  changing  thick 
ness  of  the  shell  of  water;  this  shows  that  the  particulai 
colour  of  any  ring  depends  upon  the  particular  thickness 
of  the  plate  of  air  or  shell  of  water,  where  the  incident 
light  is  reflected  to  the  eye.  In  the  same  manner,  the 
transparent  parts  of  bodies,  according  to  their  several 
sizes,  reflect  rays  of  one  colour  and  transmit  those  of 
aaothcr^  on  the  same  grounds  as  the  thin  plates  of  air 
or  water  transmit  or  reflect  tliem:  and  this  seems  to  be 
the  foundation  of  tlieir  different  colours.  For,  if  a  trans- 
pnrent  substance,  of  the  thickness  proper  to  produce  any 
colour,  should  be  cut  into  slender  threads,  or  broken 
into  fragments,  we  can  see  no  reason  why  every  frag- 
ment should  not  keep  its  own  ;jarticular  colour,  and  a 
heap  of  such  fragments  constitute  a  body  of  that  parti- 
cular colour.  So  that  the  different  sizes  of  the  particles, 
of  which  bodies  are  composed,  must  be  the  reason  of 
their  appearing  to  be  of  different  colours.  This  is  far- 
ther  confirmed  by  the  analogy  between  the  colours  of 
natural  bodies  and  the  colours  of  the  rings  exhibited  in 
the  bubbles  of  water  and  the  glasses  above  mentioned. 
These  plates  of  air  or  water  do  not  appear  of  the  same 
colour  at  die  same  place,  when  viewed  obliquelj',  as 
when  seen  directly;  for  they  will  be  observed  to  expand 
and  grow  larger  with  the  increasing  obliquitj-,  with 
which  they  are  viewed.  This  shows,  that  the  transparent 
substance  between  the  glasses  does  not  exhibit  the  same 
colour,  at  the  same  tliickness,  in  all  situations  of  the 
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eye:  juat  as  we  observe  that  the  colours  of  the 
part  of  a  peacock's  tail  vary  with  the  position  in  wt 
it  is  seen.  The  colours  of  variable  silks,  and  many  other 
substances,  change  in  like  manner  with  the  position  of 
tlif  tye.  Besides,  we  find  the  colours  of  many  substance* 
growing  taint  and  diluted,  by  being  wetted  with  water 
or  oil,  which  can  intimately  penetrate  their  pores,  and 
recovering  their  former  lustre  upon  being  dried;  as  we 
find  the  colours  reflected  from  thin  pieces  of  Muscovj 
glass  grow  liiint,  by  wetting  the  glass  with  water,  aid 
grow  vivid  again,  when  dry. 

To  all  this  it  may  be  added,  that  many  bodies  under- 
go a  cliange  of  colour  from  trituration  and  a  commiau- 
tion  of  their  parts.  Thus  the  colours,  which  painlos 
use,  ^vill  be  a  little  changed  by  being  ground  elaborate, 
ly,  which  is  doubtless  owing  to  their  having  dKir  par- 
ticles broken  and  lessened.  Mercury,  by  lieing  variously 
tortured  in  the  fire  by  the  chemists,  may  have  the  size 
ol  its  particles  so  changed  as  to  apjiear  sometimes  red, 
or  yellow,  or  «  hite;  and  lead,  by  a  similar  process, 
times  Lippeai-s  red  and  sometimes  white. 

Copper,  in  the  mass,  appears  red;  but  when  dis 
b}'  a  strong  acid,  appears  blue.  Mineral  waters  are 
by  the  cliange  of  colour  they  effect  in  the  syrup  of 
violets,  which  is  naturally  blue:  if  an  acid  salt  prcnil 
in  the  water,  it  will  change  its  colour  into  red,  by  inti< 
mately  incorporating  with  the  mineral,  and  coalescing 
into  larger  globules,  which  always  reflect  the  red  i 
of  the  sun  more  copiously,  than  particles  of  a 
size;  but  if  an  alkali  prevail  in  the  water,  it  will , 
closely  cohere  to  the  particles  of  the  syrup,  and 
particles  of  the  compound  will  be  of  a  lesser  size, 
as  are  adapted  to  the  reflexion  of  a  green  colour; 
therefore  the  mixture  will  appear  green.  If  the  fill 
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t>(  a  strong  acid,  which  are  its  most  subtile  and  ener* 
gctic  particles,  reach  a  green  cloth,  they  will  break  and 
lessen  the  particles  in  its  surface  to  such  a  degree,  as 
to  make  it  appear  blue;  whereas,  if  it  reach  the  cloth  in 
substance  it  will  operate  less  violently  upon  it,  and 
change  it  into  a  yellow  colour, 

Upon  the  same  principles,  we  may  account  for  that 
iurprising  change  of  colour  produced  by  the  mixture  (rf 
various  Buids,  where  the  particles  of  the  one,  by  iheir 
action  upon  the  other,  in  different  degrees,  either  make 
them  greater  or  less,  so  as  to  dispose  them  to  reflect 
the  rays  of  this  or  that  particular  colour  more  copiously 
ttwn  the  rest,  and  thereby  cause  the  body  to  appear  of 
t  particular  colour.  Hence  it  is,  that  for  the  production 
of  black,  the  particles  must  be  smaller  than  for  the  ex- 
hibition of  any  colour,  viz.  of  a  size,  answering  to  the 
thickness  of  the  plate  of  air,  where,  b}'  reflecting  little  1 
or  no  light,  it  became  dark  and  opake.  Yet  the  partial 
cles  must  not  be  too  small,  for  that  will  make  thcm'^ 
transparent  through  a  deficiency  of  reflexion  in  the  io.  ^ 
temal  parts.  They  must  be  of  a  size  bordering  on  that 
which  is  disposed  to  reflect  a  blue,  as  we  see  that  all  I 
blacks  partake  a  little  of  that  colour.  Hence,  we  see  the  1 
reason  ivhy  bodies  dissolved  by  fire,  that  most  subtilc):i 
disscdvent,  generally  become  black;  why  the  same  foljl 
lows  upon  putrefiiction;  \vhy,  in  setting  a  razor  upon  a  i 
hone,  or  in  grinding  glasses  upon  plates  of  copper,  the 
particles  of  the  metal,  glass,  or  sand,  usually  become  ' 
very  black;  and  also,  why  black  substances  so  easilji 
communicate  their  hue  to  others:  as  the  particles  ol 
such  bodies,  from  their  extreme  subtileness  and  minuteJ* 
ness,  readily  overspread  any  surface  and  fill  up  the  inc.; 
rjuatities  arising  from  their  roughness. 

On  the  same  principle,  we  account  for  the  different 
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tints  of  the  ciouds,  which  they  receive  from  the  rising 
or  setting  sun,  together  with  many  other  phenomeni 
observable  in  the  atmosphere;  such  as  that  vapcHjrs, 
when  first  raised,  do  not  destroy  the  transparency  of 
the  air,  being  divided  into  particles  too  smalt  lo  cause 
any  reflection  from  their  superficies.  But  when,  in  oiift 
to  compose  drops  of  rain,  they  begin  to  coalesce  inio 
larger  globules,  of  size  sufficient  to  reflect  some  rays 
and  to  transmit  others,  they  may  form  clouds  of  differ- 
ent colours,  according  to  their  sizes. 

Hence,  we  see  the  reason,  why  two  transparent  am} 
colourless  fluids  may,  upon  being  mixed  tt^ether,  i» 
come  opake;  as  the  mixture  of  the  spirits  of  wincmd 
the  spirits  of  hartshorn  produces  an  opake  coagdBed 
substance,  called  the  ofTa  alba:  as  the  mixture  is  notio 
intimate,  as  to  leave  the  pores  small  enough  for  die 
transmission  of  light.  Two  coloured  fluids  also,  one 
red,  and  the  other  blue,  the  first  transmitting  the  red 
rays  of  light  only,  while  the  other  transmits  the  blue, 
will,  when  mixed  together,  become  opake;  ot  when 
one  is  held  behind  the  other,  no  object  can  becem 
through  both:  because  the  rays  which  pass  throughtbc 
one  are  stopped  by  the  other.  Thus,  also,  leaf-gdd  ap- 
pears yellow  by  reflected  light,  but  of  a  bluish  tint  by 
transmitted  liglit.  There  are  also  some  sorts  of  Itquvii 
which  reflect  one  sort  of  rays,  while  they  tranonil 
otliers,  as  a  tincture  of  lignum  nephriticum,  and  thcrdif 
will  appear  of  different  colours:  while  other  fluids^ 
pear  of  the  same  colour,  both  by  transmitted  ands- 
flected  light;  as  the  same  rays,  which  pass  through  tk 
fluid,  are  reflected  again  from  the  ferther  surface. 


Btve  now  paved  the  way  for  the  explication  of" 
Dured  arch  which  we  often  see  in  the  cloud, 
lated  the  rainbow;  when  the  sun,  on  Uie  one 
lines  bright  on  the  drops  of  descending  rdn,  on 
r.    ■ 

nbenomenon,  though  observed  in  the  heavens 
|b  the  deluge,  remained  inexplicable,  until  the 
refrangibility  of  the  rays  of  light  was  discovered 
iaac  Newton.  Antonio  de  Dominis,  archbishop 
to,  and  after  him  Descartes,  expressly  showed 
rainbow  was  formed  by  the  reflexion  of  the 
IS  from  the  drops  of  falling  rain,  but  neither  of 
)Uld  account  for  the  diversity  of  its  colours, 
luld  indeed  easily  confirm  their  opinion,  that 
bow  was  formed  by  the  reflexion  of  the  sun's 
pi  tlie  drops  of  rain,  by  a  well  known  cxperi- 
Nlanging  up  a  glass  globe  filled  with  water  op- 
rfiie  rays  of  the  sun;  for  by  varying  the  posi- 
fie  eye,  or  by  elevating  or  depressing  the  globe, 
>us  colours  of  the  rainbow  would  successively 
1  the  globe;  but  they  had  no  idea  of  these  co- 
ihg  an  inherent  property  of  the  fays  of  light, 
larated  by  refraction.  So  tiiat  the  cause  of  the 
Rcolours  remained  an  inexplicable  secret,  until 
^ewton  unravelled  the  web  of  tight,  and  ac- 
fer  every  circumstance. 
Tare  two  rainbows  generally  appearing  at  the 
wt,  both  of  which  depend  upon  the  same  cause, 
rare  formed  in  a  different  manner, 
interior  or  primary  bow  is  formed  by  two  re- 
,  and  one  intermediate  reflexion  of  the  rays  of 
IPS  of  filing  rain:  but  the  exterior  bow 
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is  produced  by  two  refractions  and  two  iiitermediatf 
reflexions  of  the  rays  of  light. 

The  primarj'  bow  is  formed  In  the  following  manner. 
Lei  BNFG*  represent  a  drop  of  falling  rain,  AN,  i 
ray  of  light  from  the  sun,  falling  upon  it  in  the  poSnl 
N,  and  refracted  to  tlie  point  F,  in  the  opposite  side  of 
the  drop,  from  whence  it  will  be  reflected  to  G,  makit^ 
the  angle  of  incidence  at  F  equal  to  the  angle  of  reflei- 
ion.  At  G,  part  of  the  beam  will  be  reflected  again, 
but  the  greater  part  will  be  refracted  into  the  air  in  Ac 
direction  GR,  from  the  perpendicular  IG,  and  be  sept 
rated  into  its  various  colours,  the  red  lying  nearest  to 
the  perpendicular  IG,  and  the  violet  farthest  from  il, 
according  to  their  difierent  refran^bility. 

Now,  as  the  least  refrangible  or  red  rays  are  refract- 
ed lowest,  and  the  other  colours  above  them,  k  u 
evident,  that  those  will  first  come  to  the  eye  of  the 
spectator,  as  die  drop  of  rain  is  descending,  and 
that  the  rays  of  the  other  colours  will,  in  succes- 
sion, reach  the  eye,  according  to  the  degree  of  ihcir 
refrangibility;  until  the  drop  has  fallen  so  low,  that  the 
violet  rays  alone  can  come  to  the  eye,  while  all  the 
rest  are  refracted  below  it.  But  as  there  are  drops  of 
descending  rain  at  all  these  intermediate  altitudes, 
each  exhibiting  the  colour  peculiar  to  its  altitude  at 
the  same  time,  the  spectator  will  sec  all  the  colounU 
once,  in  different  arches,  lying  one  above  tlu;  other, 
the  red  being  uppermost,  and  the  inner  verge  of  'in 
bow  being  violet.  These  altitudes  depend  upon  thf 
altitude  of  the  sun  at  the  time,  as  there  is  a  constini 
angle  made  by  the  incident  and  refracted  ray  of  cadi 
particular  colour,  and  when  the  sun  is  in  the  hori«on, 

■  Sec  PlUe  i,  Fig.  2. 
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the  altitude  of  the  bow  is  grcsitesi,  being  tlien  a  coni.- 
plete  semicircle  above  tht:  horizon:  but  the  angular 
radius  of  this  semicircle,  being  equal  to  the  aiiglr 
made  by  the  incident  and  refracted  ray,  is  constantly 
the  same  for  each  particular  colour. 

From  the  constant  ratio  that  subsists  between  tht* 
sines  of  the  angles  of  incidence  and  refraction,  it  is 
found,  by  comiiutation,  that  the  angle  made  by  the 
incident  ray  and  the  least  refrangible  of  the  red  rays 
is  42"  2',  and  the  angle  made  by  the  most  refrangible 
of  the  violet  rays  and  the  incident  ray  is  40"  17',  and 
these  are  the  semidiamcters  of  those  arches  respec- 
tively; and  their  difference,  viz.  1"  45'  is  the  breadth 
O^that  bow,  were  the  sun  but  a  point.  Bnl  as  his 
diameter  subtends  an  angle  of  32',  by  so  much  must 
the  breadth  of  this  bow  be  increased;  so  that  it  will  be 
found  to  be  2°  17'-  Hence  the  radius  of  the  outer 
verge  of  the  red  arch,  being  increased  by  half  this  an- 
gle, of  the  sun's  diameter,  will  be  42"  18';  andthe  radius 
of  the  inner  or  violet  arch,  being  diminished  by  the 
'same  angle,  will  be  reduced  to  40°  1'.  Because,  the 
sun's  diameter  being  32',  a  ray  from  the  upper  limb 
of  the  sun  proceeding  parallel  to  a  ray  from  the  lower 
limb,  may  be  refracted  and  reflected  to  the  eye  under 
the  same  angle  between  the  incident  and  emergent 
rays,  from  a  drop  of  rain  situated  32'  above  another 
drop,  from  "which  a  ray  of  the  same  colour  might  come 
to  the  eye,  making  the  same  angle  with  the  incident 
ray,  which  had  issued  from  the  lower  limb.  And  this 
would  be  the  breadth  of  the  bow,  if  all  the  rays  of  light 
from  the  sun  were  but  of  one  colour.  And  if  a  beam 
of  light  from  a  single  point  of  the  sun,  as  for  instance, 
from  the  lower  limb,  be  dispersed  by  its  different  re^ 
ibility  over  a  space  of  1"  45'  in  the  lieavens,'' 
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Ijeam  from  the  upper  limb  must  be  so  dispersed,  thai 
the  verge  of  it  must  be  32'  distant  from  the  verge  of 
the  other. 

Yet  still  it  must  be  remembered,  that  the  bow  U 
not  formed  by  all  the  rays  of  light  that  fall  upoo  that 
side  of  the  drop  which  is  next  to  the  spectator,  abose 
its  axis,  but  only  by  such  as  are  insensibly  near  to  i 
certain  point  N*,  and  are  so  refracted  within  the  drop 
as  to  unite  in  the  same  point  F,  on  the  farther  side  of 
it.  These  rays  coming  parallel  from  the  sun  wiU  hare 
a  certain  inclination  to  the  surface  of  the  drop,  near 
the  point  N,  and  being  refracted  to  the  point  F, 
will  be  reflected  from  it,  under  the  same  inclination 
to  each  other,  to  the  point  G;  because  the  angle  ofio- 
cidence  at  F  will  be  equal  to  the  angle  of  reflexion. 
And  as  these  rays  return  from  the  point  F,  incUncd 
in  the  same  manner  to  each  other  as  they  were  befine 
tlieir  incidence  upon  it,  they  will  make  the  same  an- 
gles with  the  surface  of  the  drop  at  G,  as  they  made 
at  N.  Wherefore,  when  they  are  refracted  into  the  air 
at  G,  they  will  proceed  from  G,  in  lines  parallel  to 
each  other,  as  well  as  when  they  were  incident  on  the 
drop  at  first.  And  as  these  emerging  rays  are  parallel 
to  each  other,  they  will  not  diverge  from  each  other 
in  their  passage,  and  therefore  will  enter  the  eye,  con. 
veniently  situated  to  receive  them,  in  sufficient  plen- 
ty to  excite  a  sensation  of  colour.  Whereas  all  other 
rays,  as  SB,  TD,  whether  nearer  to  or  farther  from 
the  axis  of  the  drop  PQ,  will  be  refracted  to  some 
other  point  or  points  as  E,  nearer  to  the  axis  than  the 
point  F,  because  the  arch  QF  will  be  a  maximum.  If 
the  rays  TD  and  SB  be  refracted  to  the  same  point 
E,  they  will  be  reflected  from  it  under  the  same  in- 
clination to  each  other,  which  they  had  before  their 

•  See  Plate  r.  fig.  J.  J 
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lexion,  and  therefore  will  be  refracted  inio  the  air 
;he  points  H  and  I,  in  lines  parallel  to  each  others 
t  they  will  not  be  efficacious  enough  to  excite  the 
lea  of  colour,  as  they  are  then  deprived  of  all  the 
contiguous  and  intermediate  rays  that  fell  on  the  drop 
between  the  points  B  and  D.  And  if  they  be  refracted 
to  different  points  on  the  farther  side  of  the  drop,  they 
will  be  reflected  from  them,  so  that  they  cannot  full 
upon  the  nearer  surface  in  the  same  angle  which  they 
made  with  the  surface  of  the  drop,  at  their  entrance 
into  It,  so  that  they  will  not  be  rtfracted  into  the  air 
parallel  to  each  other,  and  therefore  cannot  come  to 
die  eye  in  sufficient  quantities  to  excite  any  distinct 
sensation  of  colour.  For  this  reason,  these  rays  are 
denominated  inefficacious. 

It  may  be  asked,  why  the  rays  that  enter  the  drop 
at  the  point  N,  or  near  to  it,  are  refracted  to  the  eye, 
more  copiously  than  any  others  that  enter  the  drop 
at  any  other  place;  and  why  they  alone  can  excite  in 
us  the  idea  of  colour?  The  reason  is  this:  as  the  rays 
from  the  sun  are  incident  upon  the  drop,  farther  and 
ferther  from  its  axis  PQ,  they  will  be  refracted  farther 
and  farther  from  the  point  Q,  on  the  farther  side  of 
the  drop,  until  you  come  to  the  point  N,  from  whence 
they  will  be  refracted  to  the  point  F:  but  if  they  be 
incident  upon  the  drop,  beyond  the  point  N,  they  will 
not  be  refracted  to  a  point  above  F,  but  below  it;  so 
that  all  the  points  of  reflexion  on  the  farther  side  of 
the  drop  will  lie  between  the  points  F  and  Q,  making 
the  arch  FQ  a  maximum.  Therefore,  the  rays  that 
are  incident  on  the  drop  near  to  the  point  N,  both 
above  and  below  it,  will  be  reflected  at  the  point  N,  or 
very  near  to  it.  So  that  about  this  point  N  alone,  such 
mgfs  can  enter  the  drop,  as  after  two  refractions  a«ilc 
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o'lie  reflexion  can  enter  the  eye  with  sufficient 
to  excite  in  us  the  distinct  sensation  of  cdouf. 
Therefore  these  rays  alone  are  denominated  efiai- 
oious,  in  distinction  from  those,  which  entering  ike 
drop,  either  above  or  below  that  point,  are  so  refitt- 
ed into  the  air,  as  to  proceed  diverging  from  eidi 
other,  or  deprived  of  their  intermediate  rays,  so  tint 
they  cannot  enter  the  eye  in  sufficient  quantitica  ta 
give  us  the  idea  of  colours.  For  there  is  an  absolair 
necessity,  that  several  rays  should  lie  refracted  toge- 
ther at  the  point  N,  or  near  to  it,  that,  being  reflected 
insensibly  near  to  the  point  F,  they  may  be  reflected 
together  to  the  point  G,  from  whence  they  nnycone 
to  the  eye,  after  refraction  atG,  into  tlie  air,  notonlf 
parallel  to  each  other,  but  also  insiifiicient  quantido, 
to  affect  the  organ  of  vision  in  a  vivid  and  iienuUc 
manner. 

If  a  line  be  drawn  from  the  sun  through  the  ert  <rf 
the  spectator,  it  will  be  parallel  to  the  line  described 
by  the  incident  efficacious  ray,  and  therefore  wfll 
make  an  angle  with  the  ray  after  two  reiractions  and 
one  reflexion,  equal  to  the  angle  formed  by  the  said 
refracted  and  incident  ray;  that  is  the  angle  AXRs 
XRY,  as  they  are  alternate  angles.  Hence  if  the  line 
XK  should  revolve  round  RY,  like  the  legs  of  a  piir 
of  compasses,  the  line  RX  would  meet  witli  manj 
drops  of  rain  in  its  revolution  above  the  horizon, 
which  might  refract, a  ray  of  light  to  the  eye  of  ibr 
spectator,  under  the  same  angle,  that  is  necessarj-  Ibr 
the  refraction  of  the  rays  of  any  particular  colour  to 
the  eye  of  the  spectator.  Therefore  all  those  dn)f5% 
that  are  any  where  situated  in  the  circumference  of 
the  cone,  described  by  the  line  RX,  will  exhibit  the 
-vHne  colour,  with  what  is  refracted  in  the  direction 
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XR.  And  this  beingtrue  of  all  the  colours  of  the  bow, 
we  hence  see  the  reason  of  its  circular  form. 

The  exterior  or  secondary  bow  is  made  by  t*o 
refractions  and  two  intermediate  reflexions  of  the  rays 
of  light,  by  the  drops  of  descending  rain.  If  a  ray 
of  light  from  the  sun,  as  AN*,  fall  upon  the  lower  side 
of  the  drop  at  N,  and  entering  it  there  be  refracted  to 
F,  and  from  thence  be  reflected  to  D,  and  again  re- 
flected to  G,  and  there  refracted  into  the  air;  it  will 
be  separated  into  its  various  colours,  having  the  violet 
or  most  refrangible  rays  bent  farthest  from  the  per- 
pendicular IG,  and  the  red  rays  lying  nearest  to  it.  As 
soon  as  the  <lrop  has  descended  so  low,  that  any  of  the 
refracted  colours  can  enter  the  eye  of  the  spectator, 
the  violet  will  first  reach  it,  as  these  rays  are  most 
refracted  from  the  perpendicular,  and  all  the  others 
are  refracted  above  them;  and  consequently  as  the 
drop  descends,  the  different  colours  will  come  to  the 
eye  successively,  from  the  violet  to  the  red,  accord- 
ing to  the  degree  of  their  refrangibi!ity,  having  the 
order  of  the  colours  inverted  with  respect  to  the  pri- 
mary bow.  But  as  there  are  drops  enough  at  all  alti- 
tudes to  refract  all  the  colours  of  light  at  the  same 
time  to  the  eye,  the  spectator  will  perceive  various 
coloured  arches  in  the  cloud,  one  above  another,  the 
outer  verge  of  the  bow  being  violet,  and  the  inner 
verge  red. 

In  this,  as  well  as  in  the  formation  of  the  primary 
bow,  we  are  to  remember,  that  all  the  rays  that  fall 
upunthe  nearer  side  of  the  drop  below  the  axis,  arc 
not  concerned  in  the  production  of  the  exterior  bow; 
but  only  such  as  are  efficacious,  that  is,  such,  as  fall- 
ing parallel  upon  the  drop,  are  so  refracted  through 
it.  as  to  be  reflected  within  it,  parallel  to  each  other: 
•See  Plate  7.  fig,  ?- 
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because,  when  they  are  finally  refracted  into  the  air, 
they  will  proceed  parallel  to  the  eye,  and  enter  it  in 
such  quantities,  as  will  sufficiently  excite  in  us  the 
idea  of  colour.  We  have  seen  already,  that  no  nys 
can  be  efficacious  in  the  formation  of  the  bow,  unless 
they  are  contiguous  and  parallel.  Those  rays,  wUdi 
are  parallel  to  each  other,  after  they  have  been  once 
refracted,  and  once  reflected,  will  be  also  parallel  and 
efficacious  after  two  refractions  and  two  reflexions. 
Because,  whatever  inclination  the  reflected  ray  has  at 
ont  point  of  reflexion,  with  the  concave  surfaceofthe 
drop,  the  same  it  must  have  at  the  other  point  <rf'  re- 
flexion, and  therefore  must  emerge  from  the  drop  pa- 
rallel to  any  ray  to  which  it  was  parallel  between  dv 
points  of  reflexion.  In  order  to  this,  they  must  ctoB 
each  other,  within  the  drop,  after  the  first  refraction, 
at  a  certain  distance  from  the  first  point  of  reflexion, 
and  again  at  an  equal  distance  from  the  second.  Now 
this  point  of  intersection  not  being  the  same  with  tlie 
point  of  reflexion,  as  it  was  in  the  formation  of  ihc 
primary  bow,  where  they  coincided,  it  follows,  that 
the  point  of  incidence  must  also  be  different,  and 
farther  from  the  axis  of  the  drop.  Thus  if  the  rays 
AN  and  BC*,  coming  parallel  to  each  other  from  the 
sun,  fall  on  the  drop,  in  the  points  N  and  C,  they  will 
be  so  refracted,  as  to  cross  each  other  in  the  point  S. 
and  proceeding  diverging  from  thence  to  F  and  H  re- 
spectively, they  will  be  reflected  to  the  points  D  aod 
K,  parallel  to  each  other,  whence  they  will  be  again 
reflected  to  the  points  G  and  L,  crossing  each  other 
inthc  point  T,  which  is  equally  distant  from  the  points 
of  reflexion  D  and  K,  as  the  point  S  is  from  F  and 
H.  Therefore  these  rays,  in  passing  from  the  point  S, 
will  fall  upon  it  in  the  same  angle  as  the  same  tzf* 
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^U  make  with  the  surface  LG,  after  diverging  from 
the  point  T.  Consequently  these  rays,  making  with 
the  surface  of  the  drop,  the  same  angles  both  at  the 
pointii  of  incidence  and  emergence,  will  be  parallel 
after  they  are  refracted  into  the  air,  as  before  their 
entrance  into  the  drop.  By  these  means,  those  rays 
will  become  efficacious,  and  enter  the  eye  of  the  speo 
tator  dense  enough  to  give  him  the  idea  of  colour. 
But  all  other  rays,  whether  they  be  incident  on  the 
drop  nearer  to,  or  farther  from  the  axis  of  it,  will  not 
be  refracted,  so  as  afterwards  to  be  reflected  parallel 
to  the  rays  before  mentioned,  and  consequently  upon 
emersion  from  the  drop  will  neither  be  parallel  to 
those  rays  nor  to  one  another,  and  therefore  contri- 
bute nothing  to  the  formation  of  the  bow;  being  de- 
prived of  their  intermediate  rays,  and  refracted  into 
the  air  diverging,  so  as  to  make  no  sufficient  impres- 
sionon  the  eye,  to  produce  the  idea  of  distinct  colours. 
If  a  line  were  drawn  from  the  sun  through  the  eye 
of  the  spectator  parallel  to  the  incident  ray,  it  would 
make  an  angle  witli  the  refracted  ray,  equal  to  the 
angle  comprehended  between  the  incident  and  refract- 
ed rays;  and  if  the  refracted  ray  were  supposed  to  re- 
volve round  the  said  line,  always  preserving  the  same 
angle,  its  extremity  would  pass  by  many  drops,  in  the 
revolution,  all  of  which  would  exhibit  the  same  co- 
lour to  the  eye;  because  the  incident  and  emergent 
rays  would  still  make  the  same  angle:  as  we  have  al- 
ready observed  concerning  the  circular  form  of  the 
primary  bow.  Hence,  the  drops  which  exhibit  the 
different  colours  in  this  bow,  must  be  disposed  in  tlie 
circumference  of  a  circle,  as  they  were  in  the  other. 
But  a  different  angle  between  the  incident  and  emer- 
gent rays  is  required  in  this  bow,  from  \vhat-  is  re- 
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quired  in  the  other,  for  the  exhibition  of'  the  sine 
colour.  It  is  found  by  computation,  that  tlie  leut 
angle,  under  which  the  red  rays  can  come  lo  the  eye 
after  two  refractions  and  two  reflexions,  is  50"  57',aDd 
the  least  angle  under  which  the  violet  rays  may  coBC 
to  the  eye  is  54°  7'.  Whence  all  the  colours  of  die 
exterior  bow  will  be  formed  between  these,  viz.  bilbe 
space  of  3"  10';  if  the  sun  were  but  a  point.  ButasUf 
diameter  subtends  an  angle  of  32',  the  breadth  of  tbu 
bow  must  be  increased  by  this  quantity,  which  wiD 
make  it  3"  42':  and  by  the  same  quantity  nitist  tlie 
distance  between  the  bows  be  diminished  for  the  same 
reason.  So  that  the  distance  between  the  bows  will 
be  thereby  reduced  to  8"  23'. 

As  the  exterior  bow  is  formed  by  two  refractkioa 
and  two  intermediate  reflexions,  it  must  be  much 
fainter  than  the  first;  because  a  considerable  part  of 
every  beam  of  light  is  lost  by  transmission  throng 
the  drop  at  every  reflexion:  and  as  there  arc  man 
reflexions  in  the  production  of  the  exterior  bow  Aid 
in  the  other,  the  colours  must  of  consequence  be 
fainter. 

From  the  principles  already  laid  doivn,  we  areablc 
to  account  for  the  phenomena  observable  in  the  bowi, 
the  chief  of  which  are  such  as  follow: 

1.  That  each  is  varie)rated  with  all  the  prisnudc 
colours.  This  is  a  natural  consequence  of  the  difler- 
ent  refrangibility  of  the  rays  of  light.  Were  they  aU 
equally  refrangible,  they  would  all  come  to  the  eye 
without  separation. 

2.  That  two  bows  generally  appear  at  the  sant 
time  above  one  another  in  the  heavens.  These  ire 
formed  by  different  drops  at  different  attitudes;  the 
first  by  the  rays  of  light  being  incident  on  the  uppa 
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t  of  the  drops,  and  being  once  reflected  wltftin 
,  and  the  otiier  by  rays  which  are  incident  upon 
the  lower  part  of  the  drop,  and  suffer  two  reflexions 
within  it,  before  they  are  refracted  into  the  air.  And 
as  the  angle  between  tlie  incident  and  refracted  rays 
is  greater  after  two  reflexions  than  after  one,  the  bow 
formed  after  two  reflexions  must  appear  higher  in  tin; 
heavens  than  the  otlier. 

3.  The  inverse  order  of  the  colours  of  the  bows  it 
another  pjienoraenon,  which  arises  from  the  manner 
in  whicli  the  rays  are  incident  on  the  drops  of  falling 
rail),  and  the  different  parts  of  the  drop  from  which 
they  emerge.  When  the  rays  are  incident  upon  the 
lower  part  of  the  drop,  and  emerge  from  the  upper, 
the  violet  colour  will  appear  in  the  upper  part  of  the 
bow,  as  is  llie  ease  of  the  exterior  bow,  because  the 
violet  rays  being  most  refrangible,  ivill  be  first  re- 
fracted to  the  eye;  but  when  they  are  incident  on  the 
upper  pari  of  the  drop,  and  emerge  from  the  lower, 
the  red  rays,  as  being  least  refrangible,  will  be  first 
refracted  to  the  eye,  and  tl»e  outer  verge  of  this  bow 
must  appear  red- 

4.  The  diameters  of  the  bows,  dieir  different 
breadths,  and  distance  from  each  other,  all  depend 
upon  the  angles  made  by  the  incident  and  emergent 
rays,  after  one  or  more  reflexions. 

5.  The  altitude  of  the  bow  above  the  horizon,  de- 
pends not  only  on  the  same  angles,  but  also  on  the  alti- 
tude of  the  sun  at  the  same  time.  For  if  die  center  of  the 
sun  were  54°  23'  high,  the  outer  verge  of  the  exterior 
bow  would  be  in  the  horizon,  and  if  above  that  alti- 
tude, the  bow  would  be  entirely  below  the  horizon, 
and  at  lesser  altitudes,  above  it. 

The  bow  %vill  appear  to  rise  higher  and  higher  above 
2Q 
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the  liorizon  as  tlie  sun  descends,  until  it  coroe  to  tht 
horizon,  when  the  bmv  will  be  a  complete  semicirdC' 
So  dial  the  altitude  of  the  bow  is  always  inversely  as 
die  altitude  of  the  sun;  and  no  bow  can  appear  ddm 
after  tlic  sun  ih  set,  or  while  he  is  higher  than  the  semi- 
diameter  of  the  bow. 

6.  There  can  no  bow  appear,  but  when  the  sun  li 
shining,  and  at  the  same  time  it  is  mining  on  the  op- 
posite side  of  the  sjicctator. 

7.  The  bow  generally  begins  to  vanish  at  the  middc 
of  tlie  arch,  as  the  higliest  drops  of  rain  in  the  cloud 
form  t!wt  part  of  the  bow,  and  in  dieir  descent,  vrbea 
there  remain  no  more  drops  of  sutiUcicnt  altitude  Sat 
that  purpose,  the  bow  must  there  vanish,  while  that 
are  drops  enough  yet,  on  each  side,  to  form  the  enj^ 
of  the  arch.  Sometimes  the  cloud  is  not  of  stifficteot 
extent  to  form  both  the  horizontal  ends  of  the  arch  at 
the  same  time,  and  tlierefore,  but  a  part  of  the  bow  w3 
apj)ear. 

It  may  be  asked,  why  did  not  the  bow  appear  in  (be 
cloud  before  tlie  deluge?  Did  it  never  rain  beftjre  that 
catastrophe?  It  might  have  rained  when  the  sun  was 
set,  or  when  he  was  more  than  54  degrees  high,  when 
no  bow  coutd  be  seen,  and  the  rain  might  continue 
between  the  specutor  and  the  sun,  until  the  cloud  were 
expended;  or  in  any  other  direction  but  that  of  an  op- 
(josltion  to  the  sun.  And  that  superintending  Provi- 
dence, which  designed  to  constitute  the  rainbow  an 
pledge  of  the  assurance  that  he  gave,  that  the  worid 
should  never  more  be  destroyed  by  water,  iniglit  ba»t 
prevented  the  concurrence  of  such  circumstances  in  the 
time  of  rain,  as  were  essentially  necessary  for  the  for- 
luation  of  a  bow. 

Having  now  explained  the  principal  phenomena  of  thr 
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bows,  we  shall  next  lay  doun  tlie  matlieinstical  princi; 
pJes,  upon  which  the  computation  depends,  for  finding 
the  dimensions  of  the  bows,  or  the  angle  made  by  the 
incident  and  emergent  rays,  after  any  number  of  reflec- 
tions within  the  drop. 

I'ROPOSITION  I 

The  difference  between  tlie  angle  of  incidence,  and 
any  multiple  of  the  angle  of  refraction,  that  is  greater 
by  one,  than  the  number  of  reflexions  within  the  drop 
of  rain,  is  equal  to  half  the  angle  between  the  incident 
and  emergent  rays,  when  die  number  of  reflexions  is 
odd,  or  to  half  its  supplement,  when  the  number  of 
reflexions  is  even. 

Let  ANFG*  represent  a-drop  of  rain,  SN  a  ray  of 
light  from  the  sun,  incident  on  the  drop  at  N,  and  re- 
fracted to  F,  and  from  thence  reflected  to  G,  where  let 
it  be  either  refracted  into  the  air  in  the  direction  GE, 
or  reflected  to  A,  where  let  it  be  refracted  in  the  direction 
AB,  crossing  the  incident  ray  in  R,  after  two  reflexions, 
or  in  K,  if  it  emerge  after  one  reflexion,  the  incident 
and  emergent  rays  being  produced  when  necessary. 
When  the  number  of  reflexions  is  odd,  a  line  drawn 
through  the  middle  point  of  reflexion  and  the  center, 
or  through  the  center  and  middle  of  the  middle  chord, 
when  the  number  of  reflexions  is  even,  will  bisect  the 
angle  between  the  incident  and  emergent  rays.  Because 
the  number  of  reflexions  and  refractions  on  each  side 
of  this  line  are  equal.  Draw  a  diameter  parallel  to  the 
incident  ray,  viz.  PCQ,  parallel  to  SN. 

When  Uiere  is  but  one  reflexion,  at  P,  half  the  angle 
SKE,  between  the  incident  and  emergent  rays,  vh.. 
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the  angle  SKC=PCM=NCM— NCP=CNF+CFN— 

NCP=twice  die  angle  of  refraction  lessened  by  the 
angle  of  Incidence  NCP.  I'lierefore,  when  there  is 
but  one  reflexion,  as  in  tlic  formation  of  the  interior 
bow,  half  the  angle  between  the  incident  and  emergod 
rays  is  equal  to  the  difference  between  tTvice  the  angle 
of  refraction  and  the  angle  of  incidence. 

Where  there  arc  two  reflexions,  at  F  and  G,  and  the 
incident  and  emergent  rays  cross  c.nch  oUier  in  R,  mak- 
ing the  angle  ARN=BRS;  Let  liV  be  dnnvn  popcn. 
dicular  to  RCT,  which  bisects  the  angle  between  the 
incident  and  emergent  rays,  and  it  will  be  pataltdto 
FG.  and  SRV=haIf  tlie  supplement  of  SRB=RVQ= 
VQT=CFQ+FCQ=CFQ+CKN=the  angle  of  refrac- 
tion  CFQ+tivlcc  tha  angle  of  rehattion — the  angle  of 
inctdence=ilirce  times  Uic  angle  of  refraction,  less  the 
angle  of  incidence.  Because  NKC=FCQ=l\vice  tlic 
angle  of  refraction — NCP,  the  angle  of  incidence;  a£ 
^ve  lia\e  already  proved,  in  the  former  part  of  the  pro- 
position, where  there  is  but  one  reflexion:  That  is,  balf 
the  supplement  of  die  angle  made  by  the  incident  and 
emergent  rays,  after  t^vo  reflexions,  is  equal  to  three 
times  the  angle  of  refraction — the  angle  of  incidcncf. 
Q.E.D, 

T/tc  same  otherwise. 

Produce  RA*  to  E.  Now  SHE,  die  supplement  of 
the  angle  between  the  incident  and  refracted  rays,  ii 
equal  to  both  die  internal  angles  at  E  and  K;  but  >w 
before  proved  that  the  half  of  the  angle  at  K  was  equal 
to  twice  the  angle  of  refraction — the  angle  of  incidence, 
and  therefore  the  whole  angle  at  K  is  equal  to  four  timt^. 


•  See  Plate  10,  Fig-  1 
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:  of  refraction — twice  the  angle  of  incidence.. 
'  and  the  angle  at  E  is  equal  to  the  angle  AGK — the 
'-  aiigle  KAG  or  FGK,  that  is  equal  to  AGF,  or  twice 
'  rtie  angle  of  refraction.  Therefore,  the  supplement  of 
'  the  angle  Ijelween  the  incident  and  emergent  rays  is 
equal  to  six  times  the  angle  of  refraction  less  by  twice 
tJie  angle  of  incidence,  and  therefore  half  the  supple- 
t  ment  of  tlic  angle  between  the  incident  and  emergent 
i  rays  is  equal  to  three  times  the  angle  of  refraction  less 
^•«]gle  of  incidence. 

%  the  same  manner  might  it  be  demonstrated,  that, 
Irany  number  of  reflexions,  any  multiple  of  die  angle 
-action,  which  exceeds  the  number  of  reflexions 
,  when  lessened  by  the  angle  of  incidence,  will 
^ual  to  half  the  angle,  or  half  the  supplement  of  the 
le,  between  the  incident  and  emergent  rays,  accord- 
pas  the  number  of  reflexions  is  odd  or  even. 

I'ROI'OSITION  II. 

Tie  nascent  increments  or  fluxions  of  the  angles  of 
Hence  and  refraction  are  to  one  another  as  the  num. 

f  reflexions  increased  by  unitj',  to  unity. 
When  there  is  but  one  reflexion,  let  SN*  be  a  ray 
from  the  sun  refracted  to  F,  and  from  tlience  reflected 
to  G:  let  also  another  ray  AB  infinitely  near  to  SN,  l>e 
refracted  to  the  same  point  F,  and  reflected  to  H.  The 
angle  NCP,  of  incidence,  is  tliereby  enlarged  by  tlie  small 
increment  NCB,  which,  by  20.  E.  3.  is  double  of  NFB, 
the  increment  of  tiie  angle  of  refraction  CNF;  uhich 
increments  are  generated  in  the  same  time. 

Again,  when  there  are  two  reflexions  of  the  ray  of 
light  within  the  drop:  let  SNf  be  a  ray  from  the  sun 
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tU'tce  retiected  at  t'  and  G,  and  AB  another  ray  twice 
reflected  at  L  and  H,  and  infinitely  near  to  the  former. 
This  ray,  because  of  its  obliquity,  must  cross  the  fonner 
and  be  reflected  parallel  to  it  within  the  drop,  as  has 
been  already  explained.  Now,  the  nascent  increment  of 
the  angle  of  incidence  NCP  is  NCB,  which  is  three 
times  as  much  as  FCL,  the  increment  of  the  angle  of 
refraction  CFN  or  CNF,  generated  in  the  same  time. 
For,  since  the  arches  NF.FG  are  equal,  and  the  arcbea 
BL,LH  arc  equal  also,  from  the  nature  of  a  circle,  it 
follows,  that  NF— BL  =  NB— FL=FG— LH=2FL. 
Therefore  NB=3FL.  That  is,  the  cotemporary  incre- 
ment of  tiie  angle  of  incidence  is  three  times  as  nntch 
as  die  increment  of  the  angle  of  refraction,  when  tfacn 
arc  two  reflexions.  Q.E.D. 


PROPOSITION  in. 

The  nascent  increment  or  fluxion  of  an  arch  is  to  the 
nascent  increment  or  fluxion  of  its  sine,  as  radius  is  lo 
its  cosine. 

LeltlierebeanarchGD,*  wliich  is  increased  byDF, 
while  tlie  sine  AD  is  increased  by  EF.  Now,  from  the 
similarity  of  the  triangles  DFE  and  DCA,  DF  :  EF :  : 
DC  :  CA,  that  is,  the  nascent  increment  or  fluxion  of 
an  arch  is  equal  to  the  fluxion  of  its  sine  multiplied  bjr 
radius,  and  divided  by  its  cosine.  Q.E.D. 

By  these  three  propositions  wc  are  able  to  compute 
the  dimensions  of  the  bows,  by  a  very  easy  praceKi 
from  the  known  ratio  of  the  sines  of  the  angles  of  bei- 
dence  and  refraction  out  of  air  into  water,  which  ait 
found  for  the  diSerent  rays,  to  be  as  follow;  putliBgl 

■  See  Plate  10,  Fig,  4 
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for  the  sine  of  tlie  angle  of  incidence,  and  R  for  that 
of  the  angle  of  relraicuon. 

I:R::  108:81.  Extreme  red 
I :  R  1 :  108^  :  81.  Orange  beginjiing 
I :  R :  :  lOa^  :  81.  Yellow  beginning 
I :  R  :  :  lOfiJ :  81.  Green  beginning 
^  I ;  R  :  ;  108^  :  81.  Blue  beginning 

t,*,a  I,;R:  ■  108|:  81.  Indigo  beginning 
E^  '  I:  R::  108^:81.  Violet  beginning 
Bl       I :  R  : :  10S>  :  81.  Extreme  violet. 

HP  .PROBLEM 

:  To  determine  tlie  appaient  semidiameter  of  the  bow» 
Grotn  the  given  ratio  of  tlie  sines  of  the  angles  of  inci> 
dence  and  refraction,  supposing  the  sun  but  a  point. 

Let  x=:the  sine  of  the  angle  of  incidenee,  and  there- 
ft»rc  Vi — xx=its  cosine,  r=l;  put  the  ratio  of  the  sines 
of  the  angles  of  incidence  and  refraction,  as  1 :  p,  then 
1 :  p  :  :  X  :  px=the  sine  of  the  angle  of  refraction;  and 
y/l — p''x'=  its  cosine. 

The  fluxions  of  the  arches  or  angles  of  incidence  and 
refiraction  are,  by  Prop.  3, 

■-;   ■;■■ ,  and  - . ■    respectivdy;  but  these  fluxions, 

VI — XX         v'l — p'x' 

by  Prop.  2,  are  to  one  another,  as  the  number  of  rr- 
Aexions  more  ],=n+lsim  to  1,  that  is, 

"      '_ 1        _p_ 


P" 
'  ^1 — ppxx 


m;  1; 


' '  ^'l— XX  ■  Vl—ppxx' 
and  by  squaring  the  terms  wc  have  m' :  1' ;  ;  1 — ppxx 
;  I — sxxp'  therefore  itl'p — in'p  xx=l — ppxx;  hence 
hy  transposition,  m^  xx — ppxx=m'p^— 1.  Therefore 


m'pp— 1  p; 

xx= -■    --  :  that  is,  sx=: !—  M^.^^  ^^-l . 

PPXm' — I  m' — 1  3p' 

for  the  primary  bow,  where  m=n+l=2,  and  for  ibe 
9np — 1 

extreme  red.  xx= for  the  exterior  bow,  ntfaoe 

8pp 

m=n+l=3,  and  for  the  extreme  red. 

Now,  when  the  sine  of  the  angle  of  incidence  is 
found,  the  sine  of  the  angle  of  refraction  is  also  given 
from  their  given  ratio;  and  by  Prop.  1,  the  difieirtwe 
between  twice  the  angle  of  refraction  and  the  angle  of 
incidence,  is  equal  to  half  the  angle  bet^veen  the  inci- 
dent and  emergent  rays,  or  the  semidiameter  of  the  pri- 
mary bow;  and  the  difference  between  three  times  ibc 
angle  of  refraction  and  the  angle  of  incidence  is  cxpA 
to  half  the  supplement  of  the  angle  of  incidence  md 
emergence,  in  the  exterior  bow,  or  the  semidiameterof 
the  second  bow.  If  we  operate  according  to  these  rules 
for  the  rays  of  the  diflerent  colours,  ue  shall  find  ibc 
result  agreeable  to  the  dimensions  of  the  bows  akady 
^B  mentioned. 

^M  Cor.  The  tangent  of  the  angle  of  incidence  is  to  Ae 

^H  tangent  of  the  angle  of  retraction,  as  any  number  oT 

^H  reflexions  in  the  drop  of  rain  increased  by  uni^  is  u.> 

^H  unity^  that  is,  in  the  same  proportion  as  their  fluxion- 

I 

^H  cos 

■  Bet 


By  Prop.  2.  ^=.11 ::n.f-l:l,  im! 

^1 — XX    ^l — ppxx 

multiplying  by  x  and  dividing  by  x,  we  have    j-.-= 

px 
.     _==  : :  n+1 :  1.  But  the  sine  divided  by  dK 
*^l — ppxx  ' 

cosine  is  equal  to  the  tangent,  when  the  radius  is  unJPf- 

Because  the  cosine  is  to  the  sine  as  radius  is  to  the 


jcnt.  I'hcrefore    j-'-. is  the  tangent  of  the  angle 

*^1 XX  ^ 

■  of  incidence,  and     ■    —  is  the  tangent  of  the  angle 

qT  refraction.  Hence,  the  tangent  of  the  angle  of  in- 
cidence is  to  the  tangent  of  the  angle  of  refraction  as 
any  number  of  reflexions  in  the  drop  of  raia  increased 
by  unity  is  to  unity.  Q.E.D.* 

*  This  problem  may  be  more  ckganUf  resolved  by  using  tile 
BdcDt  instead  of  the  sine  of  the  angle  of  incidence,  in  the  follow- 
■  inanner, 

Let  t=:tlic  tangent  of  the  angle  of  incidence,  and  m=ljte 
Ijpber  of  reflcxion3+ 1 .  rad.E=  I . 

: :  t :  —  =the  tangent  of  llie  angle  of  refraclion.  Then 

jf\  -^ane  of  angle  of  incidence,  and  y  ■-  ■  =lhe  sine-of 
Icof  refraction.  These  tines  an  aa  1 :  p,  u  per  aubsiitutlon. 


Hence    1  ip"  :m»+tt :  1-fit,  and   l+tt=p'm''+p't[;  it— p»rt= 

j>in>* 1,  and  tt=^     ~  ^the  square  of  the  tangent  of  the 

ang^Ie  of  incidence. 

In  like  manner,  if  we  would  operate  for  the  secant  of  the  angle 

of  incidence,  we  should  find  pV j^ — ^=*™*'*^  secant  of  the 

ai^le  of  incidoice.  If  a=*Ihe  secant  of  the  angle,  tl;en  sses 

[1  s«p\"''"~',=aecantof  S99,23', 


I 

I 

I 
I 


(or  the  red  i^j-s  a^the  piimary  bow 
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1  -ift  :  ii  I  I.     li:  ,    c   -pROpdSlTION  IV, 

As  ihe  angle  of  incidence  increases  from  nothing 
to  90",  the  angle  made  by  the  incident  and  emer^iK 
rayS  will  first  increase  and  then  decrease,  and  become 
greatest,  when,  after  any  given  number  of  reflexioia, 
called  n,  the  tangent  cf  the  angle  of  incidence  is  todK 
tangent  of  the  angle  of  refraction,  as  n+l=ni  to  1, 
that  is,  as  the  number  of  reflexions  increased  by  ani- 
ty  is  to  unity. 

The  angle  between  the  incident  and  emergenl  rays 
is  equal  to  m  times  the  angle  of  refraction — the  angle 
of  incidence,  and  tliis  will  be  a  maximum,  when  its 
fluxion  is  equal  to  nothing;  and  retaining  the  notation 

in  the  foregoing  problem,   we    have    -— .    ..  ■ :_ 
v^l — ppxx 

=^;::o,  and  by  transposition,  and  muttipl)!!!! 


VI- 


That  the  incramcnts  of  the  angles  of  incidence  and  r 
are  as  the  tangents  of  these  angles,  may  be  demonstrated,  with- 
out fluxions,  in  the  following  manner. 

Let  ACD*  be  the  angle  of  incidence,  and  ADD  the  angle  of 
refraction,  whose  tangents  ore  DE  and  DA,  respectively,  to  llic 
radius  BD;  BE  being  par;illcl  to  AC.  Now,  if  we  suppose  the  line 
AC  to  move  about  the  point  A,  the  end  C  will  move  the  line  BD 
into  the  situation  BG,  whereby  the  angle  of  refraction  ABD  wiP 
be  increased  by  the  small  increment  DBG,  while  the  «igit  of 
incidence  ACD  is  increased  by  the  cotemporary  increment  DFG 
Now,  in  such  small  angles,  the  angles  are  proportional  id  t^ 
sines:  therefore  DFG  or  iu  supplement  BFD  :  DBG  :  :(HD: 
DF  or  DC  : :)  DE  :  DA,  that  is,  the  cotemporary  incremenn  of 
the  angles  of  incidence  and  refraction  are  aa  their  tangeDttK- 
spectiveiy.  Q.E.D. 

Cor.  Hence  these  tangents  are  as  the  number  of  refli 
creased  by  unity)  to  unity,  by  prop.  3.  ^ 

'         •  Kec  Plate  II,  fig.  I 


by  X,  and  dividing  by  x,  we  shall  have,  ^~= 


px 


=y  which  converted  into  a  proportion  is. 

)XX  *      *  ' 

=  =the  tangent  of  the  angle  of  incidence  13  to 

, ==the  tangent  of  the  angle  of  refraction,  as 

V 1 — ppXX 

m=n+l=lhe  number  of  reflexions  increased  by  uni- 

ty>  to  unity. 

Cor.  As  this  equation  is  the  same  with  what  wt 
had  for  computing  the  dimensions  of  the  bows,  it  fol- 
lows, diat  the  efficacious  rays  alone  make  the  angle 
between  the  incident  and  emergent  rays  a  maximum. 

The  inefficacious  rays,  which  do  not  make  this  an- 
^e  a  maximum,  arc  not  concerned  in  the  production 
of  the  bows,  for  reasons  before  given;  yet  some  of 
them  may  mix  with  some  rays  of  the  efficacious  beam, 
which  are  irregularly  reflected,  and  emerge  parallel 
with  them,  although  in  a  less  angle  with  the  incident 
rays,  and  thereby  form  coloured  arches  within  the  pri- 
mary  how,  as  has  been  often  observed.  For  Sir  Isaac 
Newton  has  observed,  that  there  is  an  irregular  reflex- 
ion of  light  from  a  polished  surface,  whereby  some 
rays  are  scattered  from  the  principal  beam.  Suppose 
B*  were  the  point  of  reflexion  in  a  drop  of  rain,  from 
whence  the  efficacious  mys  of  any  colour  were  re- 
gularly reflected  to  G,  where  they  emerged,  making 
the  largest  angle  with  the  incident  ray;  then,  besides 
these,  there  are  some  rays  of  this  beam  irregularly  re- 
dccted  to  E  and  D,  and  to  points  between  these  and 
the  point  G,  and  emerging  in  the  lines  EK  and  DI 
ivhich  will  make  with  the  incident  ray  a  less  ang^le, 
•  Sec  Plate  11,%-  2. 


I 
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and  tlicrefore,  if  sufficiently  dense,  ihey  may  («■ 
coloured  arches  within  the  primary  bow,  but  they 
must  be  fainter  than  the  colours  of  the  bow,  because 
but  few  rays  are  thus  irregularly  reflected  in  compa- 
rison with  such  as  are  regularly  reflected.  These 
arches  will  be  variously  mixed  with  the  colours  of 
the  bow,  and  some  reach  below  it;  and  thereby  alter 
Aeir  colours  a  little. 


THE  REFLEXION  OF  LIGHT, 

BY   PLANE  SURFACES. 

The  surfaces  may  be  cither  pla/ie,  concave,  at  con- 
vex, which  reflect  the  rays  of  light.  The  %vhtrfc  doc- 
trine of  reflexion  depends  upon  this  fiindamenbd 
principle,  which  we  have  already  demonstrated,  viz. 
That  the  angle  of  incidence  is  equal  to  the  angle  of 
reflexion;  and  when  any  point  of  an  object  is  seen  by 
reflected  light,  it  is  always  seen  in  the  direction  of  the 
reflected  ray,  and  at  its  intersection  with  the  perpen- 
dicular drawn  to  the  reflecting  surface  from  the  object. 

In  a  plane  mirror,  rays  diverging  from  any  pointof 
an  object  are  reflected  back  diverging,  as  if  they  had 
proceeded  from  an  imaginary  radiant  point  in  die 
perpendicular,  as  far  behind  the  mirror  as  the  object 
is  before  it.  Let  EBC*  be  a  plane  mirror,  AED,HB, 
IC,  perpendicular  to  its  surface,  A,  any  point  of  an 
object,  from  which  rays  diverge  and  fall  upon  '3k 
mirror  at  B  and  C;  these  rays  will  be  reflected  bscl: 
diverging  from  the  point  D,  in  the  directions  BFand 
CG,  making  ED=AE.  Because  ABH=FBH=BDE, 
and  the  angles  at  E,  are  right,  and  EB  is  common  to 
both  triangles  AEB,  DEB,  therefore  AE=ED. 
Hence  DBF  is  the  reflected  ray.  In  the  same  maimer 
DCG  will  be  the  reflected  ray,  when  incident  on  the 
•  Sec  Plate  11,  fig.  3. 


surface  at  C  from  the  same  point  A.  And  as  both 
the  rays  BF  and  CG  are  reflected  from  the  same 
pointD,  this  point  will  bethefocusof  the  rays,  which 
diverge  from  A:  and  it  is  in  the  perpendicular  to  the 
surface  of  the  speculum,  as  far  behind  it  as  A  is  bcf 
fore  it. 

Hence,  as  this  is  true  of  every  point  of  the  object, 
it  must  necessarily  follow,  that  tlie  image  will  be  si- 
milar to,  and  of  equal  magnitude  with  the  object.  It 
follows  also,  from  the  same  proposition,  that  the  dis- 
tance of  the  image  from  the  eye  will  be  equal  to  thp 
sum  of  the  incident  and  reflected  rays. 

If  the  object  be  parallel  to  the  mirror,  it  is  not  ne- 
cessary that  the  mirror  should  be  more  than  half  oj" 
the  length  and  breadth  of  the  object,  to  represent  tlie 
whole  1^  the  image,  to  an  eye  at  the  place  of  the  ob- 
ject. Yet  when  the  mirror  is  so  short,  that  we  cannot 
see  the  whole  of  the  object,  we  may  nevertheless  see 
it  completely,  either  by  bringing  the  eye  nearer  to  the 
mirror,  or  by  removing  the  object  farther  from  it.  Yet 
this  change  of  position  will  be  of  no  advantage  to  as- 
sist a  person  in  seeing  the  whole  of  his  own  figure  in 
a  mirror,  whicii  is  shorter  than  one  half  of  his  own 
length;  because  as  the  eye  approaches  to  the  mirror, 
the  image  approaches  to  it  at  the  same  time,  whereas 
it  should  continue  in  the  same  place,  to  give  this  ad- 
vantage. So  that  at  all  distances  he  will  see  an  equal 
portion  of  himself. 

The  whole  of  the  object  AC*may  beaeenby  an  eye 
at  either  extremity  of  it,  in  a  mirror  EF,  which  is  half 
its  length.  But  if  the  eye  approach  the  mirror  to  I, 
while  the  object  continues  stationary,  it  may  be  seen, 
although  it  extended  to  G- 

In  a  plane  mirror,  that,  which  is  on  the  right  hand 
■  SeePlsLtc  II,  fig.  4 


i 


(tf  the  object  appears  on  the  left  hand  of  the  i: 
and  vice  versa,  because  the  face  of  the  image  istun)^ 
ed  tlie  contrary  way  from  that  of  the  object.  Wlrita 
person  moves  his  right  hand,  before  the  glass,  his 
image  appears  to  move  its  left;  and  all  the  letters  ofa 
book  held  before  it,  will,  for  the  same  reaaon,  be  re- 
versed, but  not  inverted,  as  the  image  is  always  erect, 
behind  such  a  speculum,  or  in  a  positive  focus. 

But  if  a  plane  mirror  be  held  parallel  to  the  horizon, 
any  object  that  is  perpendicular  to  it,  will  have  its 
image  inverted.  This  is  seen  in  the  inverted  images 
of  trees  and  buildings  on  the  bank  of  a  river,  because 
the  roots  being  nearer  to  the  reflecting  surface,  must 
have  their  images  below  it  nearer  to  the  suriace,  than 
those  of  the  tops.  In  like  manner,  if  any  person  hold 
the  speculum  above  his  head  parallel  to  the  ^onzm, 
he  will  see  his  image  inverted  above  him.  Bot  if  be 
inchne  it  in  an  angle  of  45"  to  the  horizon,  hU  image 
tvill  be  parallel  to  the  horizon,  and  the  images  of  lU 
objects,  that  are  parallel  to  the  horizon,  will  appear 
erect.  Hence  the  image  of  any  object,  that  is  statim- 
ary,  will  appear,  by  the  motion  of  the  speculum,  to 
move  over  double  the  space  through  which  tbcspe- 
culum  moves,  whether  the  motion  be  angulari^WiB 
a  right  line- 

If  an  object  be  placed  between  two  plane  minor^ 
inclined  to  each  other  in  any  angle,  a  number  of  lod- 
ges will  be  formed  by  them,  which  will  be  placed'  in 
the  circumference  of  a  circle,  whose  center  is  the 
point  of  concurrence  of  the  planes,  and  whose  n£iu 
is  the  distance  of  the  object  from  the  said  point.  Oae 
set  of  these  images,  formed  first  by  one  of  the  specutot 
will  exhibit  one  side  of  the  object,  and  the  other 
set  will  exhibit  the  other  side  of  it.*  The  firat  imigc 
■  Sec  Plate  13,  fi^.  1.  O  the  object,  N,  P,  the  two  6rat  iraafes. 


319 


formed  by  one  mirror  will  become  the  object,  fruiu 
whence  a  second  image  will  be  formed  by  the  other 
mirror,  and  as  far  behind  it  as  the  other  image 
before  it.  This  second  image  will  also  become 
object,  from  whence  a  third  image  will  be  formed  Toy 
the  first  mirror,  and  so  on,  till  this  set  of  images,  which 
began  from  the  fir^t  mirror  ahall  end-  .  A  second  set 
of  images,  beginning  from  the  second  mirror,  and 
continued  alternately  between  them.  Will  be  formed 
at  the  same  time. 

The  number  of  images  will  be  determinate;  for 
whenever  the  place  of  the  last  image  of  either  set  falls 
between  the  planes  of  both  the  mirrors,  produced  be- 
yond thtir  concurrence,  no  more  images  can  be  form- 
ed from  it  considered  as  aii  object;  because  it  is  then 
behind  the  reflecting  surfaces  of  both  the  mirrors,  and 
no  rays  from  it  can  fall  upon  them. 

That  these  images  will  be  all  formed  in  the  circum- 
ference of  a  circle  may  be  proved  gegmetrically  from 
this  consideration,  that  each  image  is  as  far  behind  the 
mirror  by  which  it  is  formed,  as  the  object  is  before 
it,  and  in  aline  drawn  perpendicular  to  the  plane  of  the 
mirror  from  the  object  to  the  image.  Now  as  this  line 
is  bisected  at  right  angles  by  the  planeof  the  mirror,  the 
plane  must  pass  through  the  center  of  a  circle,  whose 
circumference  passes  through  the  places  of  the  object 
and  image. 

The  angular  distanceof  the  two  first  images',  formed 
by  the  two  mirrors,  is  equal  to  twice  the  inclination  oi 
the  mirror.  Dccaube  each  image  being  as  far  behind 
the  mirror  that  formed  it,  as  the  object  is  before  it, 
the  sum  of  the  distances  of  the  object  from  the  mir- 
rors, or  the  inclination  of  the  mirrors,  can  be  but  hali 
Uie  distances  of  the  images, 
L  The  angular  distance  of  the  next  two  images,  form- 
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cd  by  two  rdiexioiis  each,  exceeds  the  angular  dill 
tance  of  the  first  two,  by  twice  the  angle  of  inclina- 
tion. And  each  succeeding  pair  of  images,  formedfay 
an  equal  number  of  reflexions,  will  exceed  tlte  angu- 
lar distance  of  the  prceding  pair  by  the  same  quanti^v 
viz.  twice  the  angle  of  inclination. 

If  KL,  KM,*  be  two  mirrors,  and  O,  an  object 
between  them,  there  will  be  one  set  of  images  form- 
ed at  A,  B,  C,  D,  E,  and  another  set  at  a,  b,  c,  d,  c 
Now  the  angular  distance  of  the  two  first  images.  A, 
a,  viz.  AKa,  is  equal  to  2  OKL+20KM=2  LKM= 
twice  the  inclination  of  the  mirrors.  And  the  ; 
distance  BKb,  of  the  two  succeeding  images, 
the  angular  distance  AKa,  of  the  first  two  imagts,  fey. 
the  angles  BKa+AKb=AKO+aKO=2LKM. 

Hence  as  the  distance  between  each  succeeding 
pair  of  images  increases  by  double  the  angle  oS  incli- 
nation of  the  planes,  there  must  be  as  many  images 
formed  by  the  two  mirrors,  as  there  are  angles  lo  ibc 
circle  equal  to  the  angle  of  incUnation.  Thus,  if  the 
angle  of  inclination  were  10°,  20^,  30^  40",  or  iS'.the 
number  of  images  would  be  36,  18,  12,  9,  or  8  re- 
spectively. And  if  the  double  angle  of  inclination  were 
commensurate  to  a  whole  circle,  the  two  last  iuugc^ 
would  coincide  and  be  formed  in  the  same  place, 
whereby  one  of  them  would  disappear. 

As  all  the  images  are  formed  in  the  circumference 
of  a  circle,  "if  the  radius  of  the  circle  were  increased 
ad  infinitum,  or  the  angle  of  inclination  between  tfac 
mirrors  were  diminished  ad  infinitum,  so  that  liic 
planes  would  become  parallel,  the  number  of  im;^ 
would  become  infinite,  and  all  be  placed  in  a  right  line. 

The  angular  distance  between  the  object  and  cither 
cf  the  second  pair  of  images  is  double  to  the  inclina 
'"*  "^  •  ScePl«cl3,fiB.3. 
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don  of  ihe  mirrors:  that  is,  0KB,  or  OKb=2LKM. 
For  OKB=OKa+aKB=OKa+OKA=aKA=2LKMa 
=OKA+AKb=OKA+OKa=2LKM. 

Upon  this  principle  is  the  common  reflecting  t; 
drant  for  measuring  angles  constructed,  so  that  the 
Migular  distance  between  any  object  and  its  image 
Pormed  by  two  reflexions,  is  always  double  to  the  in- 
clination of  the  mirrors.  This  may  also  be  elegantly 
iemoiistrated,  in  another  way,  independent  of  what 
las  been  already  proved,  in  the  following  manner. 

Let  DCK*  represent  the  quadrant,  with  a  movable 
index  CX,  which  carries  with  it  the  centra!  speculum 
D,  white  the  snrkall  speculum  F  remains  6sed  on  the 
piftdius  of  the  instrument,  and  parallel  to  the  central 
Speculum,  when  the  index  coincides  with  CD,  the 
other  radius;  the  beginning  of  the  graduations  on  the 
arch  being  at  D.  Let  HQ  and  FQ  be  perpendicular 
to  these  specula  respectively,  so  that  the  angle  HQF 
mil  show  their  inclination  equal  to  the  angle  DCX. 
Now  let  a  ray  of  light  from  the  object  at  S  fall  upon 
the  mirror  at  C,  and  be  reflected  to  F,  and  from  thence 
be  again  reflected  to  the  eye  at  I.  The  image  of  the 
object  S  will  therefore  be  seen  in  the  line  IFO,  paral- 
kl  to  HCQ.  Now  SC  being  produced  to  I,  the  angu- 
lar  distance  SIO  of  the  object  and  its  image=SCHw: 
HCF=CFI=:2QFI=2FQH=twice  the  angle  of  incli- 
nation  between  the  mirrors.  So  that  by  the  motion  of 
the  index  over  any  arch,  the  image  of  the  object 
moves  at  the  same  time  over  twice  the  angular  dis- 
tance. Hence  the  arch  of  the  instrument  is  divided 
into  half  degrees,  which  arc  counted  as  whole  degrees, 
to  give  the  angle  at  sight. 

Id  every  position  of  the  instrument,  in  the  plane  of 

■S«c  Plate  12,  fig.  3. 
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the  objects,  whose  angular  distance  is  to  be  meamnd 
the  angle  at  I  remains  the  same,  and  consequently  thi 
reflected  image  will  be  stationary,  which  makes  the  iii' 
strumcnt  of  such  inestimable  value  at  sea.  For  althougli 
the  motion  of  the  ship  will  cause  a  motion  in  the  tm^ 
reflected  irom  the  central  mirror;  yet  as  the  seoomi 
mirror  fixed  on  the  radius  of  the  instrument,  which  n- 
flects  the  image  to  the  eye,  will  communicate  to  k  a 
equal  motion  in  an  opposite  direction,  it  will,  by  tin 
means,  destroy  the  effect  of  Uie  first  motion,  and  con» 
quently  the  image  will  appear  to  be  quiescent:  so  thai 
the  motion  of  the  vessel,  so  fatal  to  observations  taken 
widi  other  instruments,  will  not  in  the  least  afiect  suci 
as  are  taken  nith  this.  There  are  many  advantages  al- 
tending  the  use  of  this  instrument  above  any  othcrS) 
besides  that  already  mentioned;  such  as,  that  it  will  px 
the  altitude  of  the  sun  or  of  a  star,  or  the  distance  trfdv 
moon  from  them,  generally,  to  less  than  a  single  miniKt; 
and  that,  \vith  respect  to  the  sun,  when  it  docs  not  eia 
shine  so  bright  as  to  project  a  sliadow. 

OF  THE  REFRACTION  OF  RAYS 

FROM  SrHBBICAL  SURFACES. 

The  fundamental  law,  that  the  angles  of  iocideict 
and  reflexion,  are  equal,  obtains  in  spherical  sui&ccs, 
whether  concave  or  convex,  as  well  as  in  plane  mirran 

Parallel  rays,  that  are  incident  near  die  vertei,  at 
reflected  by  a  concave  mirror,  converging  to  a  &CU5i 
in  tlie  axis,  half  way  between  the  vertex  and  ceiBierof 
concavity;  and  by  a  convex  mirror,  diverging,  m  ii 
ihey  came  from  a  point  in  the  axis,  at  the  same  &- 
tance  from  the  center  or  vertex.  Because  the  an^rleof 
incidence  is  equal  to  the  angle  of  reflexion,  ABC=CBJ^ 
=BCF.«  Therefore  CF=FB=FV,whenB 


•See  Plate  13,  Fig.  1. 


cide.  The  point  F  is  therefore  called  the  principal  focus, 
ot  tbcus  of  parallel  rays. 

Hence  if  rays  diverge  from  the  principal  focus  of  a 
oraicave  mirror,  or  converge  to  the  principal  focus  of  a 
convex  mirror,  ihry  will  be  reflected  parallel  to  the  axis. 
If  they  diverge  from  the  center  of  a  concave  mirror,  or 
converge  to  the  center  of  a  convex  mirror,  they  will  be 
reflected  back  in  the  same  line.  In  a  concave  mirror,  if 
ihey  diverge  from  a  point  between  the  focus  and  cen- 
ter, they  will  be  reflected  converging  to  the  axis  beyond 
the  center,  and  if  they  diverge  from  a  point  beyond  the 
center,  they  will  be  reflected  back  converging  to  a  point 
in  the  axis  between  the  center  and  principal  focus.  But 
if  they  diverge  from  a  point  between  the  vertex  and 
principal  focus,  they  will  be  reflected  back  diverging 
from  the  axis,  and  vice  versa.  Converging  rays  are  re- 
flected converging  to  a  point  in  the  axis  between  the 
vertex  and  principal  focus.  What  is  here  said  of  diver- 
ging  rays  falling  upon  a  concave  mirror,  is  also  true  of 
converging  rays  falling  on  a  convex  mirror,  and  vice 
versa. — All  evident  from  the  equality  of  the  angles  of 
incidence  and  reflexion. 

Diverging  rays  falling  near  to  th^  vertex  of  a  spheri- 
cal  mirror,  if  they  diverge  from  a  point  more  distant 
from  the  vertex  than  the  principal  focus,  will  be  col- 
lected into  a  focus,  or  diverge  as  if  they  came  from  a 
focus,  at  such  a  distance  from  the  prin«ipal  focus,  that 
this  distance  will  be  a  third  proportional  to  the  distance 
of  the  radiant  point  from  the  principal  focus,  and  the 
principal  focal  distance.  That  is,  if  RB*  be  a  diverging 
ray  falling  on  the  spherical  surface  at  B  near  the  axis 
CV,  and  reflected  back  to  f  in  the  concave  mirror,  or 
as  if  it  came  from  f  in  tlie  convex  mirror,  then  it  will 

E:  FC :  Ff. 
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Let  CD,  C£,  be  dra\vn  parallel  to  ttie  tncidemud 
reflected  rays,  respectively,  and  cutting  them  in  the 
points  D  and  E.  Then  CEBD  will  be  a  parallelogiam, 
of  uhich  all  the  sides  in  its  evanescent  state,  asBi^ 
proaches  to  V,  uill  be  equal  to  each  otlier  and  to  half 
the  diagonal  or  to  FC-  Then  because  the  triangles  R£C, 
RBI"  are  similar,  it  wUl  be  as  RE=RF  :  EC=FC:: 
Rli=RV :  Bf=Vf. 

Cor.  As  RF  :  RF+FC=RV  : :  FC=VF :  FC+ffc 
Vf.  That  is,  in  words  at  length:  If  rays  diverge  from, 
or  converge  to,  a  radiant  point,  and  fall  upon  a  cxmcan 
minor,  thcj'  will  be  reflected  to  a  focus  in  the  axis. 
which  may  be  found  by  the  following  proportion. 

As  the  difference  or  sum,  of  the  distance  of  the  ra&uit 
point  from  the  vertex,  and  principal  focal  distance,  is  to 
the  distance  of  the  radiant  point,  so  is  the  focal  disanoe 
of  panllel  rays,  to  the  focal  distance  of  the  divef^ingff 
converging  rays  from  the  vertex.  If  D=the  distuiceof 
the  radiant  point,  F=:the  focal  distance  of  parallel  r^ 
and  f=the  focal  distance  of  the  diverging  or  convernw; 

DF 
rays,  then  Q^rp  =f;  or,  D+F  :  D  : :  F  :  f. 

In  the  first  term  of  the  above  proportion,  Jot  ^ver- 
ging  rays  falling  on  a  concave  mirror,  or  for  ctHivorgaig 
rays  falling  upon  a  convex  mirror,  use  the  dtSerOM 
berwctn  the  distance  of  the  radiant  point  and  pnnd|id 
focai  distance;  and  use  their  sum  for  converging  ra^ 
feliiiig  upon  a  concave  mirror,  and  also  for  divereiMf 
rays  falling  on  a  convex  mirror. 

Hence  we  see  the  reason  whj  a  convex  mirrtir  alwm 
has  a  positive  focus;  because  the  first  term  of  the  abort 
proportion  is  always  a  positive  quantity,  excepting  wben 
both  the  first  and  second  terms,  (D=the  distance  of  the 
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radiant  point  being  negative)  are  negative^  in  which  case, 
the  fourth  term  must  also  be  positive. 

We  see  also  the  reason  why  a  concave  mirror  may 
sometimes  have  a  negative,  and  sometimes  a  positive, 
focus.  When  D,  or  the  distance  of  the  radiant  point,  is 
positive  and  less  than  the  principal  focal  distance,  then 
the  focus  of  diverging  rays  will  be  negative. 

As  any  ray  passing  through  the  center  of  a  mirror  is 
reflected  back  in  the  same  line,  as  being  perpendicular 
to  the  sur&ce,  and  any  other  ray  is  reflected  so  as  to 
cross  the  perpendicular  in  the  focus,  whether  that  ray 
diverged  from  or  converged  to  any  point  in  the  perpen* 
dicular;  and  as  a  ray  may  be  drawn  through  the  center 
Bnom  any  point  of  an  object,  and  other  rays  diverging 
from  the  same  point  or  converging  to  it,  will  be  reflected 
to  some  point  as  their  focus  in  the  said  perpendicular; 
the  image  of  any  point  of  an  object  will  be  found  in  the 
perpendicular  from  that  point.  Hence  it  is  easy  to  un- 
derstand, that  if  the  object  be  so  small  or  so  far  distant 
from  the  reflecting  sur&ce  or  center,  that  all  its  points 
are  nearly  at  equal  distances  from  it,  all  the  correspond- 
ing points  of  the  image  will  be  nearly  at  other  equal 
distances  from  the  said  surface  or  center.  As  the  object 
and  image  are  both  terminated  by  the  perpendiculars, 
which  cross  each  other  in  the  center,  they  must  be  both 
seen  under  the  same  angle  from  the  center,  and  there- 
fore their  magnitudes  must  be  in  the  same  ratio  to  their 
distances  from  the  center.  They  are  also  seen  under  the 
same  angle  from  the  vertex  of  the  mirror,  and  conse- 
quently their  magnitudes  are  also  in  the  ratio  of  their 
cdstances  from  the  vertex. 

In  all  spherical  mirrors,  the  image  is  erect,  when  it 
is  on  the  same  side  of  the  center  with  the  object,  but 
inverted  when  they  are  on  different  sides.  Because  the 
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image  being  always  in  tlie  pcqicndiciilar  drawn  thrtw^ 
die  correspondent  point  of  the  object  to  the  reflcctir^ 
surface,  and  the  perpendiculars  crossing  each  other  only 
in  the  center;  it  must  follow,  that  if  bodtthc  object  and 
image  be  on  the  same  side  of  the  center,  the  image  w31 
be  erect,  but  if  on  different  sides,  inverted. 

Hence  we  have  an  easy  way  of  determining  the  place, 
position,  and  m:ignitiide  of  an  image  formed -by  anj 
spherical  surface,  by  drawing  lines  from  the  extremities 
of  the  object  both  through  the  center  and  the  vertex, 
and  producing  them  both  ways,  and  their  intersections 
will  geometrically  determine  the  place  and  magnitude 
of  the  Image. 

In  a  concave  mirror,  as  the  object  and  image  at 
viewed  under  the  same  angle  at  the  center  and  vcrtot, 
if  the  eye  be  close  to  the  mirror,  the  apparent  diame- 
ters of  the  object  and  image  will  be  the  same.  If  the 
object  touch  a  concave  mirror,  the  image  niU  also 
touch  it,  and  both  will  be  equal  in  magnitude.  IF  the 
object  be  nearer  to  the  mirror  than  its  principal  focus, 
but  does  not  touch  it,  the  image  is  erect,  distinct  and 
behind  the  mirror,  greater  and  more  distant  than  the 
object:  but  decreases  as  the  eye  departs. 

If  the  object  be  in  the  principal  focus  of  a  concave 
mirror,  the  image  is  at  an  infinite  distance  behind  iK 
mirror,  magnified,  erect,  and  distinct.  As  the  rays  aft 
in  this  case  reflected  parallel,  the  place  of  the  image  wiD 
be  at  an  infinite  distance,  and  on  account  of  its  remoK- 
ness  it  will  appear  magnified,  and  as  the  perpendiculars 
do  not  intersect  each  other,  it  will  be  erect,  and  because 
of  die  parallelism  of  the  rays,  it  will  be  seen  as  distinctly 
as  distant  objects  are  usually  seen:  and  in  this  case,  the 
apparent  magnitude  of  tlic  image  is  not  altered  by  tl» 
motion  of  the  eye. 
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If  the  object  be  fiirther  from  the  vertex  of  a  concave 
mirror  than  the  pruicipal  focus,  and  the  eye  nearer  than 
the  place  of  the  distinct  image,  the  image  will  be  be- 
hind the  mirror,  erect,  magnified,  and  confused,  but  if 
the  eye  be  more  remote  than  the  place  of  the  distinct 
picture,  the  image  is  before  the  mirror,  distinct  and  in- 
verted; and  is  increased  in  magnitude  as  the  eye  departs, 
provided  that  it  does  not  depart  beyond  the  place  of  the 
distinct  image. 

When  the  image  appears  before  a  concave  mirror,  if 
the  object  be  nearer  to  the  mirror  than  the  center,  the 
image  will  be  larger,  if  more  remote,  less,  and  if  in  the 
oenter,  equal  to  the  object;  and  if  the  eye  move  one 
way,  the  image  moves  the  contrary  way;  but  if  the  mir- 
ror move,  the  image  moves  the  same  way. 

If  the  eye  be  in  the  center  of  a  concave  mirror,  it  can 
see  nothing  but  its  own  image,  because  no  rays  can 
come  to  it  but  what  diverged  from  itself;  its  image 
must  therefore  appear  diffused  over  the  whole  mirror, 
and  be  infinitely  magnified  and  confused. 

When  the  eye  is  in  the  principal  focus  of  a  concave 
minx>r,  the  apparent  magnitude  of  an  image  is  not  al- 
tered by  the  departure  of  the  object;  but  when  the  eye 
is  nearer  to  the  mirror,  the  image  decreases  with  the 
removal  of  the  object,  but  increases,  when  the  eye  is 
more  distant,  provided  it  be  not  removed  so  &r  as  to 
iHing  the  image  between  the  eye  and  the  mirror. 

The  image  of  an  object  seen  by  a  convex  mirror  is 
alivays  behind  the  mirror,  erect,  distinct,  less  than  the 
object,  and  nearer  to  the  mirror  than  the  object;  and 
when  either  the  eye  or  object  recedes  from  the  mirror, 
the  apparent  diameter  decreases,  and  is  never  equal  to 
the  object  but  when  it  touches  the  mirror.  So  that  the 
object  and  image  approach  towards,  and  recede  from. 
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die  mirror  at  die  same  time.  If  cither  the  object  or 
ror  move,  the  image  moves  the  same  way:  but  if  die 
eye  move,  the  image  seems  to  move  the  contrary 
way. 

From  repeated  experiments  it  is  fotiiid  that  the  bcM 
composition  for  the  most  copious  reflexion  of  lighlii 
made  in  the  fbllowing  manner.  Let  the  whole  mass  be 
divided  into  fifty  equal  parts,  then  32  must  be  of  cop- 
per, 15  of  tin,  and  of  silver,  brass,  and  arsenic,  each 
one  part.  This  metal,  when  broken,  should  appear  of  i 
bright,  glassy,  and  quick-silver  complexion.  But  if  il 
appear  of  a  dead  white,  more  tin  must  be  added:  so  that 
32  ounces  of  copper  will  require  16  ounces  of  tin,  if 
it  be  very  pure.  But  if  the  metal  when  broken  zppar 
bluish  and  rough,  more  copper  or  brass  must  be  addad. 

CAUSTICS  BY  REFLEXIOK. 
What  we  have  hitherto  s^d  concerning  the  IbctD 
of  rays  reflected  from  a  spherical  surface,  only  respects 
the  rays  that  arc  incident  near  to  the  axis  of  the  minon 
because  those  rays  that  arc  reflected  from  more  tfistut 
parts  are  collected  into  different  points  in  the  axil, 
nearer  to  the  vertex  than  the  principal  focus.  The  in- 
tersections of  these  reflected  rays,  with  each  other,  hc 
fore  they  reach  the  axis,  form  luminous  curves  vAiA 
are  denominated  caustics,  which  are  convex  towarA 
the  axis,  and  have  their  cusps  in  the  principal  bcSK 
They  arc  easily  seen  on  the  surface  of  milk  or  any  while 
fluid  in  a  tea-cup,  when  the  light  of  the  candle  is  re- 
flected from  the  opposite  side.  The  more  distant  itat 
any  ray  is  from  the  axis,  the  nearer  to  the  vertex  wiH 
its  reflected  part  intersect  the  axis,  and  consequendyas 
a  ray  nearer  to  the  axis  is  reflected  to  a  more  distant 
point,  it  must  intersect  the  more  distant  ray,  when  re- 
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fleeted  from  the  spherical  sur&ce.  In  like  maimer,  the 
rays  that  are  incident  on  the  mirror,  still  nearer  to  the 
vertex,  cross  each  other,  still  farther  from  the  mirror 
and  nearer  to  the  axis,  in  difierent  points,  until  they 
finally  concur  in  the  principal  focus.  All  these  points  of 
intersection  of  contiguous  rays  form  the  caustic  curves. 
As  the  reflected  parts  of  any  two  contiguous  rays,  on 
each  side  of  the  axis,  must  intersect  each  other  at  dif- 
ferent  distances  both  from  the  axis  and  vertex  of  the 
mirror,  there  will  be  two  caustics  formed  at  the  same 
time,  one  on  each  side  of  the  axis,  whose  cuspides  unite 
in  the  principal  focus. 

REFRACTION  OF  LIGHT 

THROUGH  PLANE  AND  SPHERICAL  SURFACES. 

When  the  rays  of  light  fall  perpendicularly  on  any 
medium,  they  suffer  no  change  in  their  direction,  but 
only  in  their  velocity,  as  we  have  demonstrated  before; 
but  when  they  fall  obliquely  on  any  surface,  they  will 
be  refracted  towards  or  from  the  perpendicular,  accord- 
ing as  the  medium,  into  which  they  enter,  is  denser 
or  rarer  than  that  through  which  they  moved  before 
their  incidence  upon  it. 

When  parallel  rays  fall  obliquely  on  a  plane  surface 
of  a  medium  of  different  density,  they  will  be  parallel 
after  refraction;  for,  as  they  have  the  same  inclination  to 
the  surface,  they  will  all  suffer  an  equal  degree  of  re- 
fraction, being  rays  of  the  same  kind. 

If  they  diverge  before  their  incidence  on  die  plane 
surface  of  a  denser  medium,  they  will  be  made  to  di- 
verge less;  and  if  they  converge,  to  converge  less:  but 
when  they  are  incident  upon  the  plane  surface  of  a  rarer 
medium,  diverging  rays  arc  made  to  diverge  more,  and 
converging  rays  to  converge  more;  because,  in  the  first 

2T 
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case,  they  are  refracted  towards,  and  in  the  second  i 
from  the  perpendiculars. 

Parallel  rays,  entering  a  denser  medium  through  a 
convex  surface,  are  made  to  converge;  as  the  j)crpcniU- 
culara,  to  which  they  are  refracted,  meet  in  the  center 
of  convexity.  But  if  they  enter  through  a  concave  tur- 
Jace,  they  are  made  to  diverge;  because  the  perpendi- 
culars, to  which  they  are  refracted,  diverge  in  the  den- 
ser  medium  from  a  point  in  the  rarer  medium.  Bm 
being  refracted  the  contrary  way  or  from  the  peqiendi- 
cftlars,  when  they  enter  a  rarer  medium,  either  through 
a  convex  or  concave  surface  of  the  rarer,  they  are  made 
to  diverge  or  convei^  according  as  the  surface  of  the 
rarer  medium  is  convex  or  concave. 

Diverging  rays,  entering  into  a  denser  medbm 
through  a  convex  surface  of  the  denser  medium,  or  a 
concave  surface  of  the  rarer,  are  made  to  convcree,  be 
parallel,  or  to  diverge  less,  according  to  the  degree  of 
their  divergency.  If  they  diverge  from  the  focal  dislaoce 
of  parallel  rays  when  they  enter  tlie  convex  surface  of 
the  denser  medium,  they  will  proceed  parallel  aJter  re- 
fraction, the  medium  having  the  same  relractive  power, 
which  way  soever  tiie  rays  proceed;  and  if  tliey  diverge 
from  a  point  nearer  to  the  denser  medium,  ibeywill 
proceed  diverging  but  in  a  less  degret;  but  il"  ihcydi- 
vei^  from  a  more  distant  point,  they  will  be  made  » 
converge.  If  they  diverge  from  the  center  of  concavi^ 
of  the  rarer  medium,  they  full  in  with  the  perpendico- 
lars  and  suffer  no  refraction;  if  from  a  point  ncarvr  10 
the  rarer  medium,  being  refracted  irom  tlie  perpendi- 
cular, they  are  made  to  divergt-  more;  but  if  tuxii  9 
point  more  distant  than  the  center  ol  conciivity,  tfacf 
are  made  to  diverge  less,  to  be  parallel,  or  to  conveijft 
If  they  diverge  from  a  point,  which  would  be  tlie  tcMl 
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distance  of  parallel  rays  entering  the  convex  surface 
of  the  denser  meciiiim,  they  will  be  parallel  after  re- 
fraction in  the  rarer  medium,  and  if  from  a  point  more 
or  less  distant,  than  the  said  focal  distance,  they  will 
converge  or  diverge  accordingly. 

If  diverging  rays  fall  upon  a  concave  surface  of  the 
denser  medium,  and  diverge  from  the  center  of  con- 
cavity, they  fall  in  with  the  perpendiculars  and  suffer 
no  refraction;  but  if  they  diverge  from  a  point  nearer 
to  the  surfiice,  tliey  arc  made  to  diverge  less,  being 
refracted  towards  the  perpendiculars;  and  if  they  di- 
verge from  a  point  more  distant  than  the  center  of 
concavity,  they  are  made  to  diverge  more.  If  diverg- 
ing rays  fall  on  the  convex  surface  of  a  rarer  medium, 
they  are  made  to  diverge  more,  being  refracted  from 
the  perpendiculars. 

If  converging  rays  fall  upon  a  convex  surface  of  a 
denser  medium,  and  if  they  converge  to  the  center  of 
fjonvexily,  they  fall  in  with  the  perpendiculars  and 
suffer  no  refraction:  if  they  converge  to  a  point  near- 
er to  the  surface,  they  are  made  less  converging,  and 
if  they  converge  to  a  point  more  distant  than  the  cen- 
ter, they  are  made  more  converging.  If  converging 
rays  fall  upon  the  convex  surface  of  a  rarer  medium, 
and  if  they  converge  to  the  center,  they  also  fall  in 
with  the  perpendiculars  and  suffer  no  refraction.  But 
if  they  converge  to  a  point  nearer  to  the  surface,  they 
are  rendered  more  converging,  and  if  to  a  point  more 
distant  than  the  center,  they  are  rendered  less  con- 
verging. The  reason,  in  both  cases,  is,  because  the 
refracted  rays  are  bent  towards  the  perpendiculars  in 
the  denser  medium,  and  from  them  in  the  rarer. 

If  converging  rays  fall  upon  a  concave  surface  of 
the  denser  medium,  they  may  be  made  to  be  less  con- 
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verging,  parallel,  or  even  diverging.  Bui  ccmverging 
rays  falling  on  the  concave  surface  of  a  rarer  medium 
are  made  more  converging. 

From  what  has  been  said,  it  is  easy  to  understand 
the  progress  of  the  rays  of  light,  after  passing  through 
lenses  of  every  kind;  whose  density  is  always  suppos- 
ed to  be  different  from  thai  of  the  medium  with  which 
they  are  surrounded.  And  we  may  deduce  this  ob- 
servation, in  general,  from  what  is  before  laid  down; 
that  when  diverging  rays  are  made  to  converge,  by 
passing  through  a  lens,  the  nearer  the  radiant  point  is 
lo  the  lens,  the  farther  is  the  focus  from  it,  and  vice 
versa;  and  when  rays  diverge  from  a  point  as  far  dis- 
tant as  the  focus  of  parallel  rays,  they  proceed  paral- 
lel, as  the  lens  has  the  same  refractive  power,  which 
way  soever  the  rays  proceed.  And  if  rays  diverge  af. 
ter  refraction,  their  focus  is  Jraaginary,  and  ontlie 
same  bide  with  the  radiant  point. 

There  is  a  certain  point  belonging  to  every  lens, 
through  which  if  a  ray  pass,  it  will  proceed  panUel 
to  the  direction  it  had  before  its  incidence  on  the  kns. 
This  is  called  the  center  of  the  lens.  It  is  any  wbCTC 
in  atransparcnt  medium  bounded  by  parallel  surfaces; 
it  is  in  the  vertex  of  the  single  convex  or  concave 
lenses,  within  the  double  convex  and  concave  lenses, 
and  removed  a  little  out  of  the  meniscus,  and  neara 
to  the  surface  that  has  the  greater  curvity. 

That  a  ray,  which  passes  through  the  center  of  i 
lens,  or  during  its  passage  through  a  meniscus  tends 
to  its  center,  is  refracted  in  a  direction  parallel  to  thai 
ill  which  it  was  incident  is  thus  demonstrated. 

Let  R,  r,*  be  the  centers  of  curvity  of  the  sides  of 


■  Plate  13,  fig.  4,  5,  6, 
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the  lens,  from  \\hlch  draw  two  parallel  radii  to  the  in- 
cident and  emergent  rays,  and  join  the  centers  by  the 
line  Rr,  intersecting  the  passing-  ray,  produced,  if  ne- 
cessary, in  the  point  E.  Now  E  is  the  center  of  the 
lens.  And  because  the  triangles  REA,  rEB  are  simi- 
lar, the  angle  RAE=rBE,  RE,  rE,  will  be  in  the 
constant  ratio  of  the  radii,  so  that  the  point  E  will  be 
constant  in  the  same  lens;  and  as  the  incident  and 
emergent  rays  have  tlie  same  inclination  to  the  per- 
pendiculars, they  must  be  equally  refracted  in  con- 
trary directions  at  each  surface  of  the  lens,  and  there- 
fore they  must  be  yiarallel  to  each  other. 


THE  FOCUS  OF  RAYS  BY  REFRACTION. 

The  focus  of  parallel  rays,  refracted  through  a 
plano-convex  or  plano-concave  lens,  if  they  fall  near 
to  the  vertex,  is  at  the  distance  of  twice  the  radius  of 
the  sphere,  to  which  the  lens  is  ground:  which  may 
thus  be  demonstrated. 

It  was  before  observed,  that  when  the  refraction 
is  made  out  of  glass  into  air,  the  sine  of  the  angle  of 
incidence  is  to  that  of  refraction  as  2  :  3.  Now  let  C* 
be  the  center  of  convexity  or  concavity  of  the  lens, 
and  CF  the  axis  of  the  lens,  parallel  to  which  let  the 
ray  AB  be  incident  on  the  lens  near  to  the  vertex  V, 
and  the  refracted  ray  will  be  in  the  direction  BF,  and 
F  will  be  the  focus,  either  real  or  imaginary,  and  VF 
will  be=2CV.  For  since  DBE=ABC=BCF=the 
angle  of  incidence,  is  to  DBF,  the  angle  of  refraction, 
nearly  as  their  sines,  in  such  small  angles,  that  is,  as 
2:3,  their  difference  EBF=BFC=1,  will  be  to  the 
angle  of  incidence  BCF  as  1 :  2,  and  their  opposite 
sides  CB,  and  BF  are  in  the  same  proportion,  as,  1:2, 

•  Plate  ISjfig.  7.  and  Plate  U,  fig.  1. 
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that  is  as  C  V :  VF,  when  the  point  B  approaches  neu 
to  V;  therc-foR-  VF=2CV. 

Hence,  if  the  lens  were  equally  convex  or  concare 
on  both  sides,  the  focal  distance  of  parallel  rays  would 
be  only  one  half  of  what  is  above  determined,  or  it 
the  distance  of  the  radius  of  the  sphere  to  which  ibc 
lens  was  ground.  Because  the  rays  would  now  suflet 
an  equal  degree  of  refraction  at  each  side,  or  twice  is 
much  as  if  it  were  plane  on  one  side.  This  is  called 
the  principal  focus  of  parallel  rays. 

Hence,  also,  if  rays  diverge  from  the  principal  foaii 
of  parallel  rays,  they  will  be  refracted  parallel  to  the 
axis  of  the  convex  lens.  The  same  also  will  be  the 
direction  of  the  refracted  ray,  after  passing  througK  a 
concave  lens,  when  the  incident  ray  converges  to  the 
focus  of  parallel  rays.  Because  the  lens  has  the  samt 
refractive  power,  which  way  soever  the  incident  nj 
comes. 

If  rays  diverge  from  a  radiant  point  and  be  refracied 
by  a  convex  lens,  they  will  converge  to  a  point  in  iht 
axis  more  distant  than  the  focus  of  parallel  rays.  The 
distance  of  this  jioint  from  the  lens,  called  the  focui 
of  diverging  rays,  is  found  by  saying,  as  the  diflerencc 
between  the  distance  of  the  radiant  point  and  fiial 
distance  of  parallel  rays  is  to  the  distance  of  the  ndiut 
point,  so  is  the  focal  distance  of  parallel  rays  to  ill 
focal  distance  of  diverging  rays.  But  if  the  rays  eOk 
verge  to  a  radiant  point,  the  first  term  of  the  proper 
tion  is  the  sum  of  the  distance  of  the  radiant  pcunl, 
and  focal  distance  of  parallel  rays.  That  is  if  D=llie 
distance  of  radiant,  F=focal  distance  of  parallel  rays, 
and  f=the  focal  distance  of  divergti^  en-  convergill{ 
rays.     D+F  :  D  : :  F  :  f. 
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Let  AC*  be  a  lens,  whose  focal  distance  for  paral- 
lel rays  is  CF,  let  this  distance  be  set  on  both  sides  of 
the  lens,  and  perpendiculars  be  erected  from  it  to  in- 
tersect the  incident  and  emergent  rays,  and  from  the 
points  of  intersection,  let  lines  be  drawn  through  the 
center  of  the  lens,  which  will  be  respectively  parallel 
to  the  incident  and  refracted  rays.  Because  if  two  rays, 
GC,  GA  diverge  from  the  focus  of  parallel  rays,  and 
one  of  them  GC  pass  through  the  center  of  the  lens, 
the  other  Af  will  be  refracted  pandlel  to  it,  the  first 
suffering  no  refraction.  Hence  tht  triangles  RGC,  RAf, 
will  be  similar,  and  therefore  RG :  GC  :  :  RA  :  Af, 
that  is,  for  diverging  rays  passing  through  a  convex 
iens,  D — F  :  F  :  :  D  :  f,  -and  for  converging  rays,  D-f 
F  :  F  : :  D  :  f.  The  imaginary  focal  distance  of  con- 
verging rays  passing  through  a  concave  lens  is  the 
SRtne  with  that  of  diverging  rays  passing  througli  a 
convex  lens,  viz.  D — F  :  F  : :  D  :  f.  and  of  diverging 
rays  passing  through  a  concave  lens,  the  same  with 
that  of  converging  rays  passing  through  a  convex  lens, 
viz.  D+F  :  F  : :  D  :  f. 

Hence,  since  the  focus  of  parallel  rays,  refracted 
flirough  a  plano-convex  lens  or  a  plano-concave,  is  at 
the  distance  of  twice  the  radius  of  the  sphere=2r;  this 
may  be  substituted  in  the  above  formulas  instead  of 
F.  And  since  F=r  in  double  convex  or  concave  lenses, 
of  equal  curvity  on  both  sides,  the  above  theorems  will 

become  tz-~q — =f«  and  t^ =:f,  for  single  or  double 

lenses  of  equal  curvity  on  both  sides,  respectively;  the 
lower  signs  belonging  to  convex  lenses,  and  diverging 
rays,  or  converging  rays  and  concave  lenses;  and  the 
tipper  signs  for  converging  rays  and  convex  lenses,  or 
diverging  rays  and  concave  lenses'. 

•  Plate  14,  fig.  ?,  3,  4,  9. 
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from  wliat  lids  been  demonstrated  we  can  easUj 
determiue  the  focal  distance  of  rays,  passing  through 
any  lens  whose  radii  are  different,  or  any  two  lenses  of 
different  kinds,  and  different  focal  distances,  by  mly 
attending  to  the  inclination  of  the  rays  after  any  re- 
fraction. Let  it  be  required  to  find  the  focal  distance 
of  diverging  rays  falling  upon  a  lens,  whose  radii  art 
r  and  R,  retaining  the  notation  above.  If  the  first  sot- 
face  be  convex  and  its  radius=r,  and  the  distance  of 
the  radiant  point  D,  the  focal  distance  will  be  as  above, 

2Dr 

{=Tz ■  Noiv,  this  focal  distance  becomes  the  ra- 

D — :2r 

diant  point  to  which  rays  after  the  first  refiaction 

converge,    and  the  theorem   for  converging  i»ys  is 

2fR 

„      .  =r=thc  focal  distance  of  the   rays   after  two 

refractions.    Hence  by  cxpwnging  f,  by  the  comnuo 

rules  of  algebra,  we  have  ,_,,"  -..r- — — rT-=F=the  fo- 
°  DH+Dr — aKr 

Cid  distance  of  rays  passing  through  a  double  conroc 

lens  whose  radii  are  R  and  r  respectively. 

This  universal  theorem  will  determine  the  focal 
distance  of  rays,  passing  through  any  kind  of  lenscii 
by  only  changing  the  signs  of  the  expressions,  iltei 
either  of  the  radii  lies  on  the  contrary  side,  to  vriiatii 
supposed  in  the  theorem;  as  in  the  following  examples. 

If  D  be  infuiiie,  or  tlie  rays  parallel  before  refrac- 
tion, then  the  expression — 2Rr  may  be  left  out,  as  it 
neither  increases  nor  diminishes  tlic  other  expressions 
that  involve  the  infinite  quantity  D,  and  then  the  ex- 

.,,  ,  2DRr        „    2Rr  ,         . 

pression  will  become  ,^„    „  =F=^^— ;      that    is, 
DR+Dr  K+r 

twice  the  rectangle  of  tlie  radii  divided  by  their  sum 

will  give  the  focal  distance  of  parallel  rays. 


If  both  the  radii  be  equal,  then  F=U=!r;  that  is,  pa- 
mJlel  rays  are  convert^ed  to  a  focus  by  a  double  and 
equally  convex  lens,  at  the  distance  of  tlw  radius,  as 
we  have  seen  before.  If  one  of  the  radii  as  R  be  infi- 
aite,  the  glass  becomes  u  plano-convex  with  the  con* 
vex  side  turned  to  tlie  incident  ray,  and  the  general 
2DRr 


^^P'^^^'°"'DK+Dr-2Hr- 


=1',  becomes, 


2DRr 
DR— 2Rr 


2Dr 


=I'=cr — ^:  and  if  Uic  other  radius  r  be  supposed  in- 
infinite,  the  lens  uill  still  be  a  plano-convex,  but  hav- 
ing its  plane  side  turned  to  the  incident  ray,  and  theo 

-^— — ==F:  so  that  eidier  side  of  the  lens  being  tum- 

»d  to  the  incident  ray  makes  no  alteration  in  the  fo- 
cus. These  expressions  for  the  focal  length  of  a  pland* 
;bnve-\  lens  are  the  same  we  had  liefore.  If  D  be  in- 


iaite,  then,- 


2Dr 


F,  becomes  -r:—=2r=f,   or  the 


'D— 2r 

Focal  distance  of  parallel  rays  passing  through  a  plano- 
convex lens  is  equal  to  twice  the  radius,  as  We  have 
seen  before.  '  ' 

If  both  the  radii  be  infinite,  that  is,  when  the  lens 
becomes  a  plane,  with  pantllcl  surfaces,  then  Uie  gfe,- 

,  .       2DRr  „   ,  2Dftr 

™eralcxpres5ion,g^^j5—^^F,  becomes    -^ 

=F,,  or  D= — F;  that  is,  diverging  rays  proceed  di- 
I'crging  after  refraction  from  a  negative  focus  at  the 
same  distance  with  the  radiant  point,  and  consequent- 
ly go  parallel  to  llieir  direction  before  refraction.  And 
if  D  were  also  infinite,  or  the  incident  rays 
they  would  be  parallel  after  refiaction,  as  the 
would  be  at  iin  infinite  distance. 


2U 


parallel,  ^M 

he  focus  ^1 


If  one  radius  r  be  infinite,  and  tlie  other  radios  R 
be  negative,  the  lens  becomes  a  piano- concave,  with 
the  plane  side  tunied  to  the  incident  ray;  then  by 
changing  the  sine  of  R  in  the  general  theorroi. 


have 


-^DRr 


:F:  and  if  D  be  infinite,  then 


— DR 


2Rr+Dr~    '  '  "  "      D 

= — 2R=F,  that  is  parallel  rays  diverge  from  an  uM- 
ginary  focus  at  twice  the  distance  of  the  radius  of  cot- 
cavity, 

If  both  the  radii   be    negative,  the  lens  becOOKI 
a  double    concave,    and     the   general     theorem  B 

=F,  in  which,  if  D  becaoc  M- 


-DR— Dr— 2Hr 


2Rr 


nite,  or  the  rays  parallel,  "V.-— — =F.  That  is,  the 

focus  will  be  negative,  and  parallel  rays  will  dive^, 
as  if  they  came  from  a  point,  whose  distance  from  die 
lens  is  found  by  dividing  twice  the  rectangle  of  the 
radii  by  their  sum.  And  if  the  radii  be  equal,  R  dt 
r= — F,  that  is,  parallel  rays  are  refracted  through  an 
equally  concave  lens  to  a  focus,  whose  distance  is 
equal  to  the  radius  of  concavity. 

If  one  of  the  radii,  as  R,  be  negative,  the  ten•b^ 
comes  a  meniscus,  and  when  D  is  infinite  or  the  inci- 
dent rays  are  parallel,  the  general  theorem  will  beCMK 

-— -g— =F ;  which  shows  that  the  focus  will  be  either 

negative  or  positive  according  as  R  or  r  is  the  k» 
er  or  greater:  and  when  R=r,  the  focus  is  infinite,  and 
the  rays  proceed  parallel  after  refraction,  as  is  the  CM* 
of  a  watch-crystal. 

If  the  radii  be  equal  to  each  other,  the  lens 
a  double  and  equally  convex  lens,  and  then  the 
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ral  theorem, - 


2DRr 


r=F,  becomes 


DR 


'  DR+Dr— 2Rr"'  '  '^'-"■■'"^  D— R 
=the  focal  distance  of  diverging  rays  through  a  double 
and  equally  convex  lens.  And  if  D  be  infinite  R=F, 
■s  before. 

If  both  the  radii  be  negative,  the  lens  becomes  a 
double    concave,    and    the    general   expression    is, 

-  iyp     y: -=-=F,  in  which  if  tlie  radii  be  equal, 

— jT — 5=F,  that  is,  the  focus  becomes  negative,  and 

when  D  is  infinite,  R= — F,  as  we  have  seen  before. ., 
From  the  same  theorems  we  can  find  the  focal  dis- 
tance of  rays  refracted  through  two  or  more  lenses, 
whether  they  be  placed  close  together,  or  ai  a  distance 
from  each  otiier.  For  example,  let  the  first  lens  be 
convex,  and  its  focal  distance  be  F,  determined  by  any 
of  the  preceding  theorems;  let  the  second  lens  also  bo 
ccmvex,  and  its  principal  focal  distance  be  F;  let  the 
distance  between  them  be  x,  and  the  focal  distance  re- 
quired be  f.  Now,  since  the  rays  converge  after  pass- 
ing tlirough  the  first  lens,  they  will  lend  to  a  point  in 
the  axis,  whose  distance  from  the  second  lens  is  F — 
X,  which  is  therefore  to  be  considered  as  the  radiant 
point,  to  which  the  converging  rays  tend  when  inci- 
dent on  the  second  lens,  and  is=D,  in  the  theorem  for 
DF 


converging  rays,  vi2 


u+r" 


{.  Therefore  by  substi- 


l'~s.<F 


ttiting  F — xinsteadofD,  we  have  ^ 

F — }i.+F 
t)oth  lenses  are  convex.  But  since  the  imaginary  fo- 
EOS  of  converging  rays  passing  through  a  concave  lens 

DF 

is  . ~=f,  when  the  second  lens  is  concave,  we  have' 

H—F  li'imruft^ 
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s T.=f-  Hence  if  x  be  nothing,  the  theorem  be- 

¥F 
comes  rp-v.  =f,  in  which  the  lower  sign  is  to  be  usc4 

when  both  lenses  are  convex,  but  the  upper,  whentlik 
second  lens  is  concave. 

Since  the  foca)  distance  of  a  convex  lens,  wtiosen- 

DF 

dii  are  the  same,  is  .v r.=^f,  we  may  deduce  the  !d- 

towing  observations.  If  the  distance  of  the  radiant  poinl, 
or  object,  be  f!;reater  than  tlie  focus  of  parallel  ra_rs. 
they  will  be  made  to  converge  by  a  convex  lens,  bol 
converging  rays  will  be  made  to  di\'er^  by  a  concave 
lens,  when  they  cont'ergcd  Ijefbre;  and  the  focal  ioi- 
tancc  of  the  conitx  lens  will  be  affirmative,  or  on  the 
opposite  side  of  the  lens  from  the  object.  Bui  if  th* 
distance  of  the  radiant  point  be  less  than  the  principrf 
focal  distance,  the  focus  of  these  diverging  rays  wiM  hi 
on  the  same  side  with  the  object,  or  negative,  Sod  dw 
rays  will  continue  to  diverge  after  passing  through  Ar 
convex  lens,  btit  they  will  in  these  circumstances  «»■ 
verge  after  passing  through  a  concave  lens,  though  in 
a  less  degree  than  before.  IF  tlie  distance  of  the  nidtMt 
be  equal  to  the  distance  of  the  principal  focus,  thentj* 
will  proceed  parallel,  after  refraction,  and  the  fbcvtti 
diverging  niys  will  be  at  an  infinite  distance. 

Hence  we  have  the  contrivance  of  the  magic  laatco^ 
in  which  the  rays  diverging  from  the  object  placode 
the  focal  distance  of  the  lens,  proceed  parallel  after  p»- 
sing  tlirough  the  lens,  and  by  means  of  a  candle,  ihe 
image  is  illuminated  at  a  distance.  If  the  distance  erf  ikt 
object  be  eqifiil  to  ttvicc  the  foca!  distance  of 
rays,  the  focus  of  rays  diverging  from  it  and 
through  a  double  convex  lens  will  be  at  the  sa 


tance  .is  the  object,  and  the  image  formed  there  will  be 
of  the  same  magnitude,  btit  inverted.  And  henct  the 
advantage  of  such  k'nscs  to  painters,  and  such  as  desire 
the  images  they  would  copy,  as  large  as  the  objects. 

CAUSTICS  BY  REFRACTION. 
1 »  all  that  we  have  hitherto  said  concerning  the  focus 
of  rays,  we  have  confined  ourselves  to  such  as  fall  near 
to  the  vertex  of  the  lens  or  to  its  axis.  More  distant 
rays  are  united  in  different  points  in  the  axis,  still  nearer 
to  the  vertex,  the  more  distant  that  the  jxiint  of  inci- 
dence is  from  it.  The  more  diverging  rays  will  succes- 
sively intersect  the  less  diverging,  in  different  points 
before  they  arrive  st  the  axis;  and  these  points  of  inter- 
section, gradually  diverging  from  the  principal  focus, 
will  form  luminous  curves,  denominated  caustics  by 
refraction,  Wlien  the  light  of  a  candle  is  refracted 
through  a  globe  or  decanter  on  the  table,  and  falls  upon 
a  piece  of  while  paper  laid  parallel  to  the  axis,  the  lu- 
minous space  which  receives  the  refracted  rays  will  be 
bomided  by  two  bright  curves,  one  on  each  side  of  the 
axis;  which  accede  towards  each  other  as  they  approach 
to  the  principal  focus,  where  they  form  a  sharp  point. 
As  these  curves  arc  formed  by  Uie  successive  intersec- 
tions of  every  ray  with  the  next  to  it  in  order  fi-om  the 
axis  to  tlie  outermost,  the  brightness  of  the  paper  witliin 
the  curves,  and  its  darkness  without  them,  is  caused  by 
the  multiplicity  of  these  intersections  within  the  curves. 
Every  ray  crosses  die  next  to  it,  in  a  point  of  the  caus- 
tic, before  it  meets  the  axis;  those  \vhich  pass  nearest  to 
tte  axis,  proceeding  farthest  before  their  intersections, 
and  thereby  intersecting  nearest  to  the  principal  focus; 
and  those  tliat  pass  fartJicst  from  the  axis  intersect  each 
other  soonest  and  nearest  to  the  globe. 
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As  die  candle  approaches  to  the  globe,  the  rays  ^ 
Jiass  nearest  to  the  axis  will  soonest  become  parallel, 
and  afterwards  diverge,  while  more  distant  rjys  still 
converge,  until  by  the  continued  approach  of  the  candk 
they  also  will  become  parallel  and  alterwards  diverge. 
Consequently  if  the  emergent  rays,  when  they  begin  to 
diverge,  were  produced  backwards,  they  would  rater. 
sect  the  axis  beyond  the  candle,  and  each  condguons 
couple  of  rays  would  afterwards  intersect  each  other, 
and  these  imaginary  intersections  would  form  an  ima- 
ginary  caustic,  with  an  acute  angle  at  the  radiant  point, 
and  divei^ing  from  thence.  And  white  some  of  the  raj's 
that  pass  nearest  to  the  axis  arc  diverging,  othenare 
still  converging,  as  they  pass  at  a  greater  distance  loB 
the  axis,  and  the  intersections  of  these  will  form  a  caiw 
tic  beyond  the  focus. 

A  lens  in  the  same  manner  forms  a  caustic  beimcn 
the  principal  focus  and  the  lens.  Hence  the  extoior 
rays,  that  iail  farthest  from  the  axis  of  the  lens  are  too 
much  refracted  to  belong  to  the  principal  focua^and 
therefore  will  cross  the  axis  nearer  to  the  lens.  TIhs 
is  called  the  aberration  of  the  rays,  by  the  sphaiol 
figure  of  the  lens.  A  spherical  surface  therefore  hifiif 
the  same  degree  of  curvatnre  every  Avhere,  cannot  ffr 
fract  the  rays  of  different  pencils  to  the  same  noinlit 
focus. 

To  accomplish  this  design  it  must  grow  flatter  ttv 
wards  the  edges,  that  the  concurrence  of  the  exterior 
rays  may  be  prolonged.  Nor  will  a  plano-convex  fcss 
answer  the  purpose,  for  although  it  occasions  less  aber- 
ration than  the  double  convex  lens,  yet  the  lens  xtaA 
be  spherical  on  both  sides  near  the  center,  to  shom 
the  concurrence  of  the  middle  rays,  and  gradually  bt 
come  concave  towards  the  edges,  to  lengthen  the  €■( 


currence  of  tlie  exterior  peocUs,  with  the  axis.  Never, 
theless,  the  middle  pencils  arc  so  closely  crowded 
gcther  in  the  focus,  and  the  exterior  rays  are  scattered 
so  thinly  over  a  plane  supposed  to  pass  perpendii 
larly  through  the  focus,  especially  towards  the  vei^s 
of  the  picture  formed  there,  that  the  confusion  thereby 
occasioned  is  seldom  very  sensible,  provided  the  lens 
have  a  considerable  aperture.  It  is  very  little  in  compari- 
son witli  the  confusion  occasioned  by  the  difierent  re- 
frangibility  of  the  rays  of  different  colours. 

IMAGES  OF  OBJECTS  BY  REFRACTION. 

When  a  pencil  of  rays  divei^s  from  any  point  of 
an  object,  and  falls  upon  a  convex  lens,  the  middle  ray 
that  pusses  through  the  center  of  the  lens  suffers  no 
refraction,  and  all  the  other  rays  of  thai  pencil  will  be 
retracted  to  their  proper  focus  in  it,  where  they  will 
consequently  form  an  image  of  that  point;  and  as  this 
is  true  of  every  point  of  the  object,  there  must  be  a 
complete  image  of  the  object  formed  in  the  focus;  the 
image  of  each  point  of  the  object  being  formed  in  the 
foci  of  their  diverging  pencils.  As  the  middle  ray  of 
each  pencil  losses  through  the  center  of  the  lens,  they 
must  all  cross  one  another  there,  so  that  the  image  will 
be  inverted,  with  respect  to  the  object;  the  rays,  that 
ptXKced  from  the  points  above  the  axis,  having  their 
ibci  below  it. 

For  the  same  reason,  the  im^e  and  object  will  al^vays 
be  viewed  under  the  same  angle,  from  the  center  of  tlie 
lens;  as  the  axis  of  each  pencil  crosses  the  other  in  the 
center  of  the  lens:  and  hence  the  diameters  of  the  object 
and  image  will  be  to  each  other,  as  their  respective  dis- 
tances from  the  lens;  when  the  object  is  parallel  to  the 
lens.  But  as  any  inclination  of  the  object  alters  its  appa 
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rent  diameter,  b}-  diminishing  the  angle  under  wWcli 
it  is  seen  from  the  lens,  the  image  \\'ill  sustain  a  similar  ' 
diminution,  and  still  their  apparent  diameters  will  be  in 
the  same  proportion. 

If  you  would  receive,  on  a  white  screen,  in  a  darkened 
room,  the  images  of  exterior  objects,  by  suffering  the 
rays  from  them  to  pass  through  a  convex  lens,  placed 
in  a  window  shutter,  for  the  purpose,  you  must  be  care, 
ful  to  exclude  all  odier  rays  of  light,  which  otherwise 
falling  upon  the  picture  would  so  weaken  and  dilute  the 
shadings  and  colourings  of  it,  as  to  make  it  obscure  or 
even  to  disappear  entirely.  The  screen  must  also  be 
placed  where  the  several  pencils  unite  in  their  nrspeeiive 
foci,  and  where  the  distinct  images  are  formed.  As  the 
object  recedes  from  the  lens,  the  image  approaches  Id 
it,  but  can  never  come  nearer  than  the  principal  fbcnB, 
because  that  is  the  phice  of  the  image,  when  the  A- 
tance  of  the  object  becomes  infinite.  Hence  thediatiBCl 
images  of  objects  placed  at  difiercnt  distaiices  from  4lC 
lens,  can  never  be  received  at  the  same  time  oo  Ae 
screen.  Because,  %vhile  a  nearer  position  of  the  soccii 
is  necessary  to  render  the  images  of  distant  objects  djs- 
tinct,  the  images  of  nearer  objects  will  thereby  beconc 
obscure,  until  the  screen  be  again  removed  to  the 
place,  where  the  several  pencils  of  rays  from  them  umtt. 
As  the  images  will  be  more  bright  and  pleasing,  the 
more  strongly  the  objects  are  illuminated,  the  lem 
should  be  placed  in  a  window  opposite  to  the  sun,  ths 
the  side  of  the  objects  next  to  it  may  thereby  be  mow 
'-opiously  enlightened, 

As  the  diameter  of  an  image  depends  upon  the  difc 
meter  of  the  object  at  a  given  distance,  and  decreases 
;i5  the  distance  of  die  object  increases,  the  diameter  (rf 
rin  image  must  be  directly  as  the  diameter  of  the  object 
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and  invxrseiy  as  its  distance.  I^jj^-  And  the  area  of 

the  image  being  as  the  stjuare  of  its  diameter  directly. 
it  must  be  ;ilso  as  the  squaix:  of  the  di^^tance  of  tlie  ob- 
ject inversely,  or  the  square  of  its  own  distance  from 
tile  lens  dirccdy;  when  the  diameter  of  the  object  is 

given.  a=P=-— =d'.  a  being:=lhc  area  of  the  image,  1= 

its  diameter,  d=its  distance,  0=the  diameter  of  the 
object,  and  D=its  distance. 

The  distinctness  of  a  picture  depends  upon  the  seve. 
ral  pencils  of  rays  being  accurately  collected  into  tlieir 
respective  foci  upon  the  screen;  but  its  brightness,  on 
tibe  quantity  of  li^it  transmitted  through  the  lens:  which 
let  bc=B.  Now  as  the  brightness  of  an  image  depends 
Upon  the  quantity  of  light  thrown  together  in  the  place 
of  the  image,  it  must  be  different,  according  to  the  dis- 
tance of  the  object,  tlie  area  of  tlie  lens,  and  its  focal 
distance,  or  the  area  of  the  image.  The  greater  that  the 
area  of  the  lens  is,  the  more  light  it  transmits  in  the 
same  proportion,  therefore  B=L,  L  being  the  area  of 
the  lens.  The  quantity  of  light  that  falls  upon  a  given 
suriace,  from  different  distances  will  be  inversely  as  the 

squares  of  these  distances;  and  therefore  B=jy,  when 

the  area  of  the  lens  and  Its  focal  distance  are  given.  The 
brightness  of  an  image  will  also  be  inversely  as  the  area 
of  the  image  or  the  square  of  its  distance  from  the  lens, 
the  other  circumstances  being  equal,  and  therefore  B= 

— =— .  Because,  Mhen  the  same  quantity  of  light  Js  dlf- 
a      d 

fused  over  a  larger  space,  it  must  enlighten  it  in  a  less 
degree,  than  when  it  is  spread  over  a  less  space,  and 
kept  closer  together.  Hence,  when  neither  the  distance 
2X 
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of  the  object,  the  area  of  tlie  lens,  nor  its  focal  dista 
is  given,  the  brightness  of  the  image  will  be  direcdf  I 
as  the  area  of  tlie  kns,  and  inversely  as  the  squares  of 
the  distances  of  the  object  and  image  conjointly.  B= 

L 
D  d  • 

Now  as  the  distance  of  the  object  is  always  inversely 
as  the  distimce  of  the  image,  the  one  approaching  ilit 
lens,  while  the  other  recedes  from  it,  the  brightness  of 
tlie  image  will  solely  depend  upon  the  area  of  the  lens, 
and  will  not  be  ahercd  by  the  alteration  of  the  distana 

of  the  object.  For  B=       _=— — =L. 

The  brightness  of  an  image  will  always  be  pn>|NF> 
lional  to  the  brightness  of  the  object,  when  aii  other 
circumstances  are  ecjual.  Hence  the  brightness  of  the 
solar  image,  in  the  focus  of  a  burning  glass,  is  so  mud 
greater  than  that  of  any  other  object. 

'l"he  heat  at  the  focus  of  a  burning  glass  is  ahnjs 
directly  as  the  area  of  the  glass,  and  inversely  as  ibciitt 
of  die  solar  image,  or  the  square  of  ih,  focal  length-  For 
as  the  area  of  the  glass  is  larger,  so  many  more  rajvire 
transmitted  through  it,  and  the  smaller  the  spact  is,  isto 
which  they  are  condensed  at  the  focus,  the  more  inlaw 
will  be  the  heat,  which  will  be  to  the  common  healrf 
the  sun,  as  the  area  of  the  glass  is  to  the  nrea  of  tbc 
solar  image.  For  the  common  heat  of  the  sun  is  the  bctf 
of  the  rays  wlien  they  are  spread  over  the  sur&ce  of  tk 
glass;  and  the  same  rays  being  collected  into  the  wM 
of  the  solar  image  will  produce  a  brightness  and  hot 
proportional  to  the  smaliness  of  the  space  into  which 
they  are  condensed. 


VISION  THROUGH  LENSES. 
^"WHEN  an)' small  objector  point  of  an  object  13  seen 
iy  of  light  refracted  through  a  lens,  it  appearb  in 
the  direction  in  which  tlie  refracted  ray  comes  to  the 
eye,  and  in  that  place  from  whence  the  rays  seem  to 
diverge,  or  their  radiant  point. 

Every  pencil  of  rays,  that  diverges  from  any  point  of 
an  object,  will  by  passing  through  a  lens  have  the  di- 
reciion  of  its  rays  altered,  as  if  they  came  from  some 
other  point  in  the  axis  of  the  pencil,  more  or  less  dis- 
tant than  the  object;  which  is  called  the  radiant  point 
of  that  pencil;  and  as  the  eye  is  not  sensible  of  this 
change  of  direction  in  the  rays,  we  naturally  refer  the 
point  of  the  object  from  whence  they  proceed,  to  this 
radiant  point;  as  the  imHge  is  painted  on  the  same  part 
of  the  eye,  that  it  would  have  been  painted  on,  had  there 
been  no  lens,  and  the  object  was  placed  in  the  radiant 
point.  Now,  as  there  are  as  many  imaginary  radiants, 
as  there  are  points  in  the  object,  the  sum  total  of  these 
constitutes  uhat  is  called  the  last  image.  And  as  the 
eye  is  affected  by  this  last  image,  or  sum  total  of  radiants, 
io  the  same  manner  as  if  the  object  had  been  seen 
without  the  tens,  in  the  same  place,  and  of  the  same 
magnitude  with  that  image,  we  say,  that  it  is  not  the 
object  that  we  see  by  refracted  vision,  but  its  last 
image.  Now  this  is  universal  in  refracted  vision,  and 
all  the  various  situations,  poiitions,  magnitudes,  and 
appearances  of  objects  seen  by  refracted  rays,  depend 
upon  the  different  directions  of  the  rays  when  they  fall 
upon  tlie  eye,  and  the  ix)sition  of  the  radiant  points, 
from  which  they  seem  to  diverge;  some  of  which  we 
shall  mention  and  illustrate. 

In  vision  through  any  glass,  the  object  will  appear 
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erect,  if  both  the  object  and  its  last  image  be  on  the 
same  side  of  dm  lens,  but  inverted,  if  they  be  on  dif- 
ferent aides.  If  die  ob^t  be  plated  nearer  to  ft  eopttx 
lens  than  its  principal  focus,  die  rays  that  diverge  ioam 
it  are  rendered  ksa  divcrgingy  as  if  diey  had  oome  fron 
a  Ridiant  point  more  distant  than  the  objeot,  mA  coqifr 
quendy  the  last  image  will  be  on  the  same  aide  cf  JhB 
lens  widi  the  object:  and  as  tke  middle.  mf»  er  an  of 
every  pencil  that  pfooeeds  froaa  any  point  of  an  eljccl^ 
ppases  through  die  center  of  the  lens  without  refracdoi^' 
the  other  mya  of  dwt  pencil  will  proceed  diverging  ate 
refraction  as  if  they  had  diverged  frcxn  some  point  in 
the  axb  of  the  pencil  more  distant  than  the  objoel:  86 
that  every  pmnt  of  the  object  will  have  its  oditc  yfl 
ent  lafiant  ntuate  somewhere  in  the  line  which  paaKa 
fiom  that  pokit  of  the  object  through  the  center  of  Ike' 
lens,  and  therefore  the  points  of  the  image,  oonaialiflgaf* 
all  these  radiants,  must  have  the  same  position- widiffe^ 
spect  to  each  odier  as  the  correspondent  points  of  As 
c^Dject  have,  and  the  object  will  appear  erect,  wtea 
they  are  both  on  the  same  side  of  the  lens. 

As  the  rays  that  pass  through  a  concave  kns,  cq» 
verging  to  a  point  more  distant  than  the  princ^ial  focQ% 
are  made  to  diverge,  and  diverging  rays  to  diva|p 
more,  as  if  they  came  from  a  point  between  die  okgsct 
and  tens;  the  same  reasoning  proves  that  the  bat  imagr^ 
or  all  the  radiant  points,  will  be  on  the  same  aide  lAb* 
the  object  and  that  it  will  appear  erect.  In  both  Ihnr 
cases»  the  ofagect  and  last  imi^  beii^  seen  fimn  tfe- 
center  of  the  lens  imder  the  same  angle,  they  must  \» 
to  each  other  as  their  respective  distances  from  the  km; 
the  object  appearing  magnified  by  the  convex  lens,  ani 
diminished  by  the  concave. 

fiiltif  the  oloycck  be  placed  beyond  die  principal  fi> 
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cus,  the  rays  that  proceed  from  U  diverging,  will  be 
made  to  converge  by  a  convex  lens  to  a  focus  on  the 
opposite  side  of  the  lens,  where  they  form  a  distinct 
image;  and  the  rays  nhich  are  con^■erged  to  the  differ- 
ent points  of  this  image  uill  there  cross  each  other  and 
diverge  from  thence. 

Now,  if  the  eye  be  placed  farther  off,  these  intersect. 
ing  rays  will  i'all  upon  it  diverging  from  the  distinct 
picture;  so  that  the  last  image  and  distinct  picture  will 
be  in  the  same  place;  for  every  focal  point  of  the  one 
becomes  a  radiant  point  of  the  other.  Hence  the  object 
will  appear  inverted,  as  the  distinct  image  is  inverted. 

In  this  case  also,  the  object  and  its  last  image  will  be 
to  each  other  as  their  distances  from  the  lens.  This  we 
before  proved  with  respect  to  the  object  and  distinct 
picture  formed  in  the  focus  of  the  lens,  and  this  distinct 
picture  becomes  the  last  image. 

As  the  object  and  last  image  appear  under  the  same 
angle  from  the  center  of  the  lens,  if  the  eye  be  close  to 
the  lens,  they  will  appear  under  the  same  angle,  and 
consequently  be  of  the  same  apparent  diameter.  This 
would  also  be  the  case  if  the  lens  were  close  to  the  ob- 
ject. Because  the  real  and  imaginary  radiants  then  be- 
come the  same;  the  object  and  last  image  being  in  the 
same  place. 

If  the  object  be  nearer  to  the  convex  lens  than  die 
principal  focus,  it  will  not  only  ap[>ear  erect,  but  also 
brighter  than  to  the  naked  eye,  and  distinct.  It  will 
appear  brighter,  because  the  rays  diverge  less  after  re- 
firaction,  and  more  of  them  will  consequenUy  enter  the 
eye;  and  as  they  divci^  as  if  they  had  come  from  an 
ol^ect  at  a  moderate  distance,  the  object  will  appear  as 
distinct  as  objects  at  a  small  distance  generally  appear. 
It  will  also  appear  magnified,  unless  either  the  object 
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or  eye  touch  the  lens,  because  the  last  image  is  more 
distant  than  the  object,  and  both  are  vieivcd  under  the 
same  angle  from  the  center  of  the  lens.  But  tlie  iippa- 
rent  magnitude  will  continually  decrease  as  the  eye  re- 
cedes from  the  lens,  because  the  last  image  is  always 
seen  under  a  less  angle  as  the  eye  recedes. 

If  the  object  be  placed  in  the  principal  focus  of  ihe 
convex  lens,  the  rays  will  proceed  parallel  after  refrac- 
tion, and  therefore  more  ol  them  w  ill  enter  the  eye  iha 
could  have  entered  without  the  li-ns,  and  make  the  ob- 
ject appear  brighter,  than  to  the  naked  eye.  It  w3 
appear  as  distinct  as  remote  objects  usually  appear,  as 
the  rays  from  them  come  nearly  parallel.  It  wilt&lsa 
appear  erect,  as  the  imaginary  radiant  points  are  atan 
infinite  distance  on  the  same  side  with  the  object.  Fcf 
the  same  reason,  its  apparent  magnitude  will  not  be 
altered  by  the  motion  of  the  eye,  as  no  motion  of  the 
eye  can  lessen  or  increase  this  infinite  distance  of  tht 
radiant  points.  Jt  will  therefore  appear  of  the  same  size, 
whether  the  eye  be  close  to  the  lens,  or  removed  ftoiii 
it.  But  as  all  objects  appear  to  the  naked  eve  to  grov 
less,  when  the  eye  removes  from  them,  and  this  not 
taking  place  when  they  are  viewed  through  a  convix 
lens,  but  that  they  still  continue  to  appear  of  thesaoE 
magnitude,  upon  any  removal  of  the  eye;  we  say,  tf* 
the  object  will  appear  to  be  magnified,  when  the  eye  b 
removed  from  the  lens,  because  it  could  not  appear  to 
the  naked  eye  so  large,  as  it  appears  at  the  increased 
distance  of  the  eye,  when  seen  through  the  lens. 

If  the  object  be  farther  (rom  the  lens  than  the  prin- 
cipal focus,  and  tlie  eye  nearer  than  the  place  of  the  dis- 
tinct picture,  the  object  will  apjiear  erect,  because  the 
last  image  is  still  on  the  same  side  of  die  lens  with  ibe 
object;  Ijrigliter  than  to  the  naked  eye,  because,  as  At 
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rays  converge  after  refraction,  more  of  them  will  en- 
ter thu  eye;  and  confused,  because  the  eye  is  nearer  to 
the  lens  Ihnn  the  place  of  the  distinct  picture.  It  will 
also  appear  magnified,  in  the  inverse  ratio  of  the  dis- 
tance of  the  eye  from  the  place  of  the  distinct  picture. 
So  that  as  the  eye  removes  from  the  lens  to  the  place 
of  the  distinct  picture,  the  apparent  magnitude  of  the 
oijj';C!  iviil  continually  increase,  until  it  become  infi- 
nite and  confused,  when  tlie  eye  arrives  at  that  place; 
afteru^irds  it  will  become  inverted,  confused  and  di- 
minished, when  the  eye  removes  to  a  greater  distance. 
It  will  then  also  become  fainter,  because  the  rays  now 
diverging  fiom  the  place  of  the  distinct  picture,  fewer 
of  tliem  will  enter  the  eye.  If  the  eye  be  very  close  to 
Ihe  place  of  the  distinct  picture  or  focus,  it  will  see 
the  object  as  confusedly,  as  if  it  had  been  close  to  the 
object;  since  the  rays  diverge  from  it,  as  they  do  from 
the  object;  but  when  it  recedes  farther,  it  will  sec  it 
more  distinctly. 

When  the  eye  and  object  are  fixed  in  their  stations, 
and  not  farther  apart  than  the  place  of  the  distinct  pic- 
ture, wlieresoever  the  convex  lens  may  be  between 
them,  as  the  lens  moves  from  the  eye  towards  the  ob- 
ject,  its  apparent  diameter  increases  until  it  arrive  at 
the  middle  point,  and  then  it  begins  to  decrease  till  the 
lens  arrive  at  the  object,  where  its  ap[)arent  diameter 
is  not  magnified,  any  more  than  when  the  lens  was 
close  to  the  eye. 

When  the  eye  is  in  the  principal  focus  of  a  convex 
lens,  the  apparent  diameter  of  an  object  is  not  altered 
by  the  motion  of  the  object  from  or  towards  the  lens; 
but  the  removal  of  the  object  increases  its  apparent 
diameter,  when  the  eye  is  more  remote,  and  diminishes 
it,  when  the  eye  is  nearer.    When  the  eye  is  in  tht 
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Toctis,  :i5  the  object  departs  from  die  lens,  its  last 
image  departs  with  it,  and  thereby  grows  less,  but 
the  same  time  the  place  of  the  distinct  image  is  ct 
tinually  approaching  to  the  place  of  the  eye,  n-hidi 
makes  the  apparent  diameter  of  the  object  to  increase, 
and  therefore  as  it  increases  ;is  fast  on  one  account  js 
it  is  diminished  on  another,  it  will  continue  unuhered. 
That  the  increase  and  decrease  of  the  appurcjit  diirat 
ter  of  the  object  is  just  equal  in  tliis  case  is  plain,  be- 
cause it  cannot  be  infinitely  diminished  till  tlie  object 
removes  to  an  infinite  distance,  when  the  place  oitit 
distant  picture  comes  to  the  eye,  and  when  it  sees  ifcc 
object  infinitely  great.  But  when  tlie  eye  is  fartfatr 
from  the  lens  than  the  focus,  the  apparent  diameter  of 
the  object  increases  faster  than  it  is  diminished,  and 
therefore  increases  upon  the  whole,  and  vice  veni 
If  die  object  be  at  a  greater  distance  than  the  pra- 
cipal  focus  of  a  convex  lens,  and  the  eye  be  ncaitr 
dian  the  place  of  the  distinct  picture,  dien,  if  the  fens 
be  moved  from  the  right  hand  to  tlie  left,  the  ofafed 
appears  to  move  the  contrary  way,  but  the  same  trnf^ 
if  the  lens  be  fixed  and  the  eye  be  moved.  Every  thin| 
is  reversed,  if  the  eye  be  farther  from  the  lens,  ibn 
the  place  of  the  distinct  picture.  For  the  object  tril 
then  appear  to  move  the  same'way  with  the  lens,  ud 
contrary  to  the  motion  of  the  eye.  By  the  tnolion  ol 
the  lens,  the  rays  fall  with  different  obliquities,  and  aft 
differently  refracted;  and  by  the  motion  of  the  eye,  (fit 
ferent  refracted  rays  come  to  it,  so  that  the  object 
must  appear  to  change  its  position  continually. 
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CONCAVE  LKNSES. 
I  When  an  object  is  seen  through  a  concave  lens,  it 
US  fainter,  as  the  rays  diverge  and  fewer  enter  the 
;  it  qjpears  creel,  as  the  raj's  do  not  cross  each 
y;  but  it  will  appear  confiistd  to  all  such  eyes  as 
&re  not  very  convex:  Yet  it  may  be  made  more  dis- 
tinct either  by  removing  the  eye  to  a  moderate  dis- 
tance, or  by  making  the  rays  pass  through  a  bmall 
hole,  so  that  the  most  diverging  rays  may  be  cut  off, 
and  only  the  middle  rays,  which  diverge  least,  be  suf- 
fered to  enter  the  eye. 

The  apparent  magnitude  of  the  object  is  diminish- 
ed, as  the  imaginary  radiants  are  nearer  to  the  lens 
than  the  object,  and  both  are  seen  under  the  same  an- 
gle from  the  lens;  and  it  decreases  with  the  departure 
of  the  object;  because  the  last  image  or  imaginary 
rudiant  removes  with  it,  and  consequently  is  seen  un- 
der a  less  angle. 

Jf  the  eye  and  object  be  fixed  in  their  places,  as  the 
concave  lens  recedes  from  the  eye,  the  apparent  mag- 
nitude  of  the  object  decreases,  until  it  arrive  at  the 
middle  station  between  the  eye  and  object,  and  then  it 
begins  to  increase  until  the  lens  arrive  at  die  object. 
For  the  apparent  magnitude  of  the  object  is  not  alter- 
ed when  the  lens  is  at  either  extreme,  and  therefore  it 
must  be  least  in  the  middle. 

If  the  concave  lens  be  moved  from  the  right  hand 
to  the  left,  the  object  appears  to  move  the  same  way 
with  the  lens)  but  if  the  eye  be  moved,  it  appears  to 
move  in  a  contiary  direction. 

Purblind  persons,  whose  eyes  are  very  convex,  see 
distinctly  through  concave  lenses;  while  old  persons, 
whose  eves  ai'e  flatter,  through  the  wasting  of  the  hu- 
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mours  of  the  eye,  see  more  distinctly  through  convex 
lenses;  as  we  shall  see  more  fully,  when  we  consider 
the  eye. 

Objects  seen  through  a  plane  thick  glass  appear 
erect,  nearer,  brighter  and  larger,  than  to  the  naked 
eye:  and  they  do  not  seem  to  move  by  the  motion  of 
the  eye.  The  imaginary  radiant  is  nearer  to  the  g^an 
than  the  object,  and  therefore  it  will  appear  magnified 
as  nearer  objects  appear;  more  rays  will  enter  the  eye 
to  make  it  appear  brighter,  and  it  must  appear  erect, 
as  the  rays  do  not  cross  each  other:  the  motion  ct 
the  eye  does  hot  alter  the  obliquity  of  the  incident 
rays,  nor  does  the  motion  of  the  glass;  and  therefiur 
the  object  must  appear  to  be  stationary,  however  the 
eye  or  glass  may  move. 

Objects  seen  through  a  polygonous  glass,  with  many 
surfaces  inclined  to  each  other,  appear  to  be  multiplied, 
as  the  rays  that  fall  upon  each  of  the  surfaces  will  be 
refracted  in  different  directions,  and  consequently  dxit 
will  be  as  many  images  formed,  as  there  are  surftoes 
to  refract  the  rays  to  the  eye. 

THE  EYE  AND  VISION. 

Having  considered  how  the  rays  of  light  pasdog 
through  a  lens  are  collected  into  a  focus,#and  then 
form  images  of  objects;  it  will  be  easy  to  undersbaid» 
how  vision  is  effected,  by  the  rays  that  issue  from  anj 
object,  and  are  converged  by  the  refractive  power  of 
the  various  humours  of  the  eye  to  innumerable  poinli 
on  the  bottom  of  the  eye,  where  the  images  <tf  ezter 
iial  objects  are  formed,  and  by  their  impressions  ob 
the  optic  nerve  make  us  sensible  of  the  existence  of 
these  objects.  For  the  humours  are  in  reality  so  mtaj 
lenses,  disposed  and  combined  together  in  such  «  nun- 


ner,  as  to  converge  the  rays  of  light  to  a  focus  on  tlir 
bottom  of  the  eye,  where  the  image  of  the  external 
object  is  completely  and  accurately  formed,  when  the 
eye  is  in  a  proper  state  for  effecting  vision.  A  complete 
description  of  the  mechanism  of  the  eye  belongs  to 
anatomists  to  give;  but  that  you  may  understand  how 
■vision  is  performed  by  it,  we  shall  give  you  so  much 
of  the  general  description  as  will  be  essential  to  our 
present  purpose. 

The  human  eye  is  nearly  globular,  but  not  perfect- 
ly so,  consisting  of  two  segments  of  different  spheres, 
that  which  forms  the  anterior  part  being  the  lesser.  It 
consists  of  three  humours  of  different  refractive  powers, 
inclosed  in  as  many  coats.  The  outward  coat,  which 
*  covers  the  larger  segment  of  the  eye,  is  called  the  sc/e- 
rotica,  being  of  a  hard,  white,  and  opake  substance,  as 
is  signified  by  the  name.  The  continuation  of  this 
<ibal,  where  it  covers  the  fore  part  of  the  eye,  is  deno- 
ttiinated  the  cornea,  from  its  resemblance  of  horn  in 
its  consistence  and  transparency.  This  being  convex 
and  transparent  serves  to  converge  liic  rays  of  light 
that  fall  upon  it  to  a  focus,  at  a  small  distance  beyond 
the  bottom  of  the  eye,  could  they  proceed  so  far.  Next 
within  this  lies  the  choroides,  of  a  blackish  colour, 
which  serves  for  a  lining  to  the  sclerotica,  with  which 
it  is  connected  while  it  covers  the  back  part  of  the 
^e.  But  in  the  anterior  segment,  it  is  separated  from 
tfie  cornea,  and  floats  in  the  aqueous  humour,  where 
it  assumes  the  name  of  the  iris  or  uvea,  from  the  dif- 
ferent colours  which  it  has  in  different  eyes.  It  is  com- 
posed  of  circular  and  radial  fibres,  by  the  alternate 
contraction  or  dilatation  of  which,  the  central  hole 
die  middle  of  it,  called  the  pufiil,  is  lessened  or  enlar- 
ged, to  regulate  the  quantity  of  light,  that  is  found 
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be  agreeable  to  the  eye.  The  inner  coat  is  a  fine  o- 
pansion  of  the  optic  nerve,  which  passing  through  ^ 
other  coats,  spreads  like  net- work  over  the  inskfeof 
the  choroides,  and  is  therefore  denominated  the  retiA 
According  to  some  philosophers,  the  images  of  exter- 
nal objects  are  painted  upon  this  coat,  and  by  the  bit 
pressions  of  light  upon  it,  the  ideas  are  commumcattd 
to  the  brain,  the  common  origin  of  all  the  nerves.  Ai> 
though  others  are  of  opinion,  that  the  images  aie 
painted  on  the  choroides,  and  that  the  sensations  are 
communicated  to  the  brain  by  means  of  its  own  nerves. 
The  principal  argument-s  for  the  support  of  these<^> 
nions  wc  shall  see  presently. 

The  three  humours  of  the  eye  are  the  aqueotUt  die 
crystalline,  and  the  vitreous.  The  aqueous  humour  Iks 
immediately  behind  the  cornea,  and  makes  the  eye 
globular  before.  It  is  divided  into  two  portions,  a  part 
lying  before,  and  a  part  behind  tht  iris,  and  commu- 
nicating with  each  other  by  means  of  the  pupil.  It 
derives  its  name  from  its  resembling  water  in  its  lim- 
pidity, consistence,  specific  gravity,  and  refractire 
power.  As  the  rays  of  light  enter  this  denser  medium 
through  the  convex  surface  of  the  cornea,  thev  are  re- 
fracted toward  the  axis  of  the  eye,  and  pass  thnMli(;h 
the  pupil. 

Behind  the  aqueous  humour  lies  the  crytta&ae, 
which  in  shape  resembles  a  double  convex  lens,  beiie 
more  convex  on  the  back  part  than  before.  Being  of 
a  lenticular  form,  it  serves  to  give  a  greater  degree  erf 
convergency  to  the  rays,  that  are  refracted  through  the 
aqueous  humour.  It  is  transparent  as  crystal,  of  the 
consistence  of  a  hard  jelly,  and  exceeds  the  si)ecifc 
gravity  of  the  aqueous  humour  in  the  ratio  of  11  to 
10.  It  is  inclosed  in  a  fine  transparent  membrane  call- 


357 
cd  its  capsala  and  floats  in  a  thin  pellucid  fluid  like 
trater,  without  any  connexion  with  the  capsula;  but 
from  the  edge  of  the  capsula,  all  round,  proceed  radial 
fibres,  denominated  the  Hgamtnta  cUiaria,  which  con- 
nect it  with  the  choroides  at  the  beginning  of  the  iris 
and  cornea,  so  that  it  lies  between  the  two  segments 
trf  the  eye.  By  the  ligamenta  ciliaria  contracting  or 
dilating,  the  form  of  the  crystalline  lens,  or  at  least  of" 
the  fluid  in  which  it  floats,  may  be  altered  so  as  to  make 
it  less  or  more  convex;  by  which  means,,  it  may  re- 
fract the  rays  that  proceed  from  objects  of  different 
distances  to  the  same  focus,  and  thereby  afford  a  dis- 
tinct vision  of  objects  at  different  distances. 

Behind  the  crystalline  lens,  lies  the  vitreous  humour, 
which  is  also  transparent  like  glass,  and  nearly  of  the 
same  refractive  power.  It  is  nearly  of  the  consistence 
of  the  white  of  an  egg,  exceeding  the  aqueous  humour 
a  little  in  its  specific  gravity  and  refractive  power,  fill- 
ing the  larger  segment  of  the  eye,  and  giving  it  u  glo- 
bular figure.  As  it  is  of  less  density  than  the  cryslaiUne 
lens,  the  rays  which  enter  it  through  its  concave  surface 
arc  made  to  converge  more  towards  the  axis  of  the  eye; 
so  that  all  the  humours  of  the  eye  contribute  some- 
thing to  the  converging  of  the  rays  of  light. 

The  rays  that  issue  from  the  object  falling  upon  the 
eye  are  refracted  by  its  humours,  so  as  to  fall  upon  the 
retina,  where  they  form  an  inverted  image  of  the  ob- 
ject, by  means  of  which  we  are  made  sensible  of  its 
existence,  position,  and  motions,  although  in  a  man- 
ner to  us  incomprehensible.  Yet  that  vision  is  per- 
formed by  means  of  these  images  of  external  objects 
painted  in  the  eye,  is  extremely  probable  from  the 
very  existence  of  them,  of  which  any  person  may  as- 
sure himself,  by  taking  away  the  roajs  from  the  hack 
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parts  of  the  ej-e,  and  presenting  it  to  a  caHdtCf  wboit 
image  will  then  be  painted  and  inverted  on  a  piece  o( 
white  paper  placed  on  the  back  part  of  the  vitreous 
humour. 

The  different  humours  of  the  eye  are  of  such  a  dt- 
tcrminate  degree  of  convexity  and  refractive  power, 
as  to  converge  ail  the  rays  of  light  belonging  to  any 
pencil  accurately  into  the  same  focal  point  on  the  re- 
tina, notwithstanding  tlieir  different  refningibililT;  so 
that  external  objects  may  appear  without  those  colours, 
which  arise  from  the  rays  of  different  sorts  in  the  saint 
pencil  being  refracted  to  different  points,  where  they 
form  an  image  of  the  colour  peculiar  to  each  species 
of  them.  The  different  forms  and  densides  of  the 
humours  of  the  eye  lead  us  to  believe  that  the  deagi 
of  Providence,  in  the  construction  of  it,  was  to  Ttmeif 
the  inconvenience  arising  from  the  different  rcfirai^- 
bllity  of  the  rays  of  light.  The  aqueous  and  vitreous 
humours  have  the  form  of  a  meniscus,  and  the  crystd- 
line  is  a  double  convex  lens,  and  by  their  compositioo. 
being  of  different  densities,  the  most  refrangible  is 
well  as  the  least  refrangible  rays  of  any  pencil  are  ac- 
curately collected  into  a  point,  where  the  beam  tniisl 
appear  white;  so  that  external  objects  will  appear  in 
their  own  natural  colours,  and  without  anv  tiling  of 
that  colouring,  which  arises  from  the  dispersion  of  the 
rays  of  the  same  pencil. 

Vision  might  be  performed  without  the  crystalliM 
lens,  but  obscurely,  since  witliout  it  the  rays  wouM  be 
brought  to  a  focus  beyond  the  retina;  as  is  evident 
from  the. case  of  persons,  who  have  suflered  the  eat* 
traction  of  it,  on  account  of  its  having  become  opakc 

As  the  image  of  the  object  is  inverted  in  the  ejc^ 
many  have  wondered  how  the  object  should  appear  * 
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us  to  be  erect.    But  we  should  remember  that  erect 
and  inverted  are  only  relative  terms.  And  when  all  the 
parts  ol'  a  distant  prospect  are  painted  on  tiie  retina, 
they  all  preserve  their  relative  positions  with  respect 
I  to  each  other;  and  we  have  no  means  of  judging  an 
,  object  to  be  inverted,  while  it  retains  its  natural  posi- 
,  fion  with  respect  to  all  tlie  objects  around  it.    There 
I  is  also  a  great  diflcrence  between  an  object  and  its 
:  image,  by  means  of  which  we  become  sen&ible  of  its 
existence  ;ind  position.  There  seems  to  be  no  neces- 
sary connexion  between  their  positions.  The  jiercep- 
tion  of  tilings  bj'  sight  seems  to  be  no  other  tlian  the 
femembrance  of  former  perceptions  acquired  by  our 
Other  senses,  and  we  constantly  conclude   tliat  the 
things  which  we  now  perceive  will  invariably  affect 
OS,  in  (he  same  manner,  as  they  formerly  affected  us  in 
shnilar  circumstances. 

Now  if  the  memory  of  the  same  sensations  excited 
in  tlic  same  part  of  the  retina  occasions  the  same  judg- 
Aent  of  the  position  of  objects,  the  inverted  images  in 
the  ere  will  answer  this  purpose  as  well  as  if  they  had 
been  constantly  erect.  It  is  only  necessary  that  the 
object  and  image  should  invariably  preserve  or  change 
^ir  situations  and  positions  at  the  same  time,  accor- 
ding to  some  fixed  and  established  law.  And  had  a 
person  been  bom  with  such  an  eye  as  would  have 
erected  the  images  of  objects  on  the  retina,  he  would 
talk  and  judge  of  objects  just  as  other  persons  now 
judge  and  talk  of  them. 

It  has  been  also  a  matter  of  surprise  to  some,  that 
an  object  should  appear  single  to  persons,  whose  eyes 
are  in  a  sound  state,  where  there  is  an  image  of  the 
object  formed  in  each  eye.  It  is  also  from  habit  and 
experience,  in  a  great  measure,  that  we  judge  an  object 


360 
to  be  single,  provided  the  images  arc  formed 
correspondent  parts  ofthe  retina,  which  is  always  doM, 
when  the  optic  axes  unite  at  the  object.  It  is  priftci' 
pally  from  experience  that  we  learn  to  judge  of  eMcr- 
)ial  objects;  as  appears  from  persons  who  have  been 
couched. 

From  Dr.  Cheselden's  account  of  persons  couckd 
by  him,  it  appears,  that,  at  first,  they  had  no  idea  of 
figure,  distance,  or  colour,  by  sight,  until  they  hid 
learned  to  see,  as  they  would  express  it,  or  until  they 
liad  the  knowledge  of  these  things  by  habit,  and 
the  assistance  of  their  other  senses.  They  all  agrttd 
in  this,  that  they  could  not,  at  first,  turn  both  ticir 
eyes  to  the  same  object,  until  they  had  acquired  the 
power  by  habit;  that  objects  at  first  seemed  to  touch 
their  eyes,  and  that  having  much  to  Icam,  they  troub! 
forget  a  thousand  things  which  they  had  already  Jdm- 
cd.  From  experience  and  die  assistance  of  oilier  sense, 
we  learn  to  account  an  object  single,  when  its  images 
in  both  eyes  are  formed  on  the  correspondent  part*  of 
the  retinas,  that  is,  when  the  axes  of  the  eyes  nieetal 
the  object. 

But  when  the  axes  of  the  eyes  meet  either  between 
the  eye  and  the  object,  or  beyond  it,  the  images  do  not 
then  fall  upon  the  correspondent  parts,  and  the  objca 
will  appear  double.  Any  person  may  convince  himscll 
of  the  truth  of  tliis  position,  by  holding  up  his  ftngo 
before  his  eyes,  wliile  he  is  attentively  looking  at  a 
more  distant  object,  and  his  finger  will  at  the  same 
time  appear  double,  as  the  images  of  it  are  not  tlien 
formed  on  correspofiding  parts  of  the  eyes;  the  <^tic 
axes  uniting  at  die  object,  and  not  at  the  finger:  but 
if  he  should  unite  them  at  the  finger,  by  looking  at- 
[entirely  at  it,  the  more  distant  object  will 
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double,  for  the  same  reason.  The  mind  however  sel- 
dom attends  to  the  images  that  are  mude  upon  these 
disagreeing  parts  of  ilie  eyes,  because  the  impression 
tnadc  by  the  images  of  the  object,  where  the  optic 
axes  meet,  is  so  much  more  vivid  and  forcible.  Hence, 
persons  that  srjuint  seldom  attend  to  the  double  ap- 
pearance  of  a  single  object;  the  mind  being  wholly 
employed  in  viewing  an  object  with  the  eye,  that  is 
sound,  while  it  totally  neglects  the  image  formed  in 
the  converging  or  diverging  eye.  Accordingly,  they 
are  observed  to  direct  the  sound  eye  invariably  to  the 
object,  that  they  would  see  distinctly.  Some  philoso- 
phers indeed  Are  of  opinion,  that  our  seeing  objects 
■ingle,  is  not  acquired  by  experience  and  hiibit,  but 
arises  from  some  natural  constitution  of  the  eye;  and 
appeal  to  die  case  of  a  person,  couched  by  Dr.  Che- 
selden,  who  saw  objects  single  from  the  first.  This 
however  may  be  accounted  for,  by  iiis  soon  acquiring 
the  habit  of  directing  the  axes  of  his  eyes  to  the  same 
object  so  that  he  might  not  have  atti-nded  to  the  in- 
stances of  double  vision  which  first  happened.  The 
doctor  mentions  another  case  of  a  person,  who  had 
one  of  his  eyes  distorted  by  a  blow  on  his  head,  who 
thereby  saw  every  object  double,  till  by  degrees  the 
most  familiar  objects  first,  and  then  others  appeared 
sit^Ie,  without  any  cure  of  the  distortion  of  the  eye. 
It  is  therefore  probable  that  this  arose  from  the  ac- 
quired habit  of  neglecting  the  images  formed  in  the 
distorted  eye:  as,  I  believe,  is  the  case  with  persons 
that  squint. 

When  the  image  of  an  object  foils  upon  the  inser- 
lion  of  tlie  optic  nerve,  it  then  becomes  invisible.  This 
defect  of  vision  is  supposed  to  arise  from  the  number 
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llie  optic  nerve;  or  according  to  some,  because  tbe 
retina  is  observed  in  that  place  to  be  separated  from 
the  choroides,  which  they  suppose  to  be  the  princ^iil 
instrument  of  vision.  Any  person  may  easily  assort 
himself  of  the  fact,  by  the  following  experiment,  wlucsb 
may  be  made  by  a  little  practice  and  trial.  Let  him 
paste  upon  an  opposite  wall,  three  patches  of  paper 
about  a  foot  apart,  :md  shutting  one  eye,  let  him  di> 
rcct  the  other  to  one  of  the  patches  in  the  mean  ttOK 
receding  backwards,  until  he  lind  that  he  will  lose 
sight  of  another  of  the  patches,  to  which  be  was  not 
looking  directly,  because  its  image  then  fiills  upondie 
insertion  of  the  optic  nerve.  M.  Mariotte,  who  first 
proposed  the  experiment,  has  contrived  the  foUowii^ 
improvement  of  it.  Place  two  black  patches  on  a  while 
ground,  or  two  white  patches  upon  a  black  ground, 
three  feet  apart,  and  recede  twelve  or  thirteen  feet 
back  from  them:  Uien  hold  up  your  finger  about  eight 
inches  from  your  eyes,  both  being  open,  so  that  the 
right-hand  patch  may  thereby  be  concealed  Irom  the 
left  eye,  and  the  left-hand  patch  from  the  right  eye; 
then  if  you  look  at  your  finger  steadily  widi  both  eye*, 
jou  will  lose  sight  of  both  the  patches  at  once.  Forin 
this  situation,  ivhile  the  object  is  hidden  from  one  eye 
by  the  finger,  its  image  in  the  other  falls  on  ilie  base 
of  the  optic  nerve.  On  this  account  nature  has  wisdy 
placed  the  insertion  of  it,  not  in  the  middle  of  the  bot- 
tom of  the  eye,  where  we  have  the  most  distinct  visiot 
of  an  object,  but  in  the  side  next  to  the  nose;  soAtf 
whatever  part  of  the  image  falls  upon  this  point  inoac 
eye,  may  not  also  fall  upon  the  same  in  the  atheirod 
therefore  to  both  eyes  taken  togedier,  no  part  of  At 
object  can  be  wholly  invisible, 
■^^s  experiment  has  given  rise  to  a  consideablr 
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dispute  among  philosophers,  whether  the  choroides  o 
retina  be  the  principal  instrument  of  vision.  Priestley, 
Mariolte,  Mitchell,  Rutherforth,  and  others,  allege  that 
the  choroides  is  the  principal  seat  of  vision:  1st,  Be- 
cause it  appears  to  be  much  more  sensible  of  the  im- 
pressions of  light  than  the  retina:  as  the  iris,  which  is 
only  a  continuation  of  it,  naturally  contracts  the  pupil 
upon  the  admission  of  an  unusual  quantity  of  light, 
which  it  finds  to  be  oflensive. 

2d,  Because  it  is  found  to  be  black  in  most  men, 
and  in  sueh  animals  as  seek  their  food  by  day,  as  in 
eagles,  hawks,  &c.;  and  white  in  those  animals  that 
seek  their  food  by  night,  such  as  cats,  dogs,  owls,  8tc. 
And  they  suppose  that  this  black  colour  makes  the 
ehoroidcs  more  susceptilile  of  the  impressions  made 
by  the  rays  of  light. 

3d,  Because  the  retina  is  evidently  a  transparent 
pulpy  substance,  and  insensible  at  the  base  of  the  optic 
jierve,  with  a  very  unequal  surface,  and  therefore  not 
proper  for  the  termination  of  the  several  pencils  of 
light  that  fall  upon  it;  whereas  the  choroides  is  of 
a  smooth  surface,  opake,  and  not  lined  witli  a  reflect- 
ing substance  behind  it. 

4th,  Because  wherever  the  retina,  which  receives  the 
picture  of  external  objects,  is  close  to  the  choroides, 
there  the  choroidt-s  can  receive  the  impressions  from 
it,  and  vision  is  produced;  but  where  the  retina  is 
separated  from  the  choroides,  as  at  the  insertion  of  the 
optic  nerve;  there  no  vision  is  produced  from  the  pic- 
ture painted  in  that  place,  the  choroides  not  being 
near  enough  to  receive  the  impressions  made  on  the 
retina. 

On  the  other  hand,  Porterfield,  De  la  Hire,  Piquet, 
and  others,  are  of  oiiinion,  tliat  the  retina,  and  not 
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the  choroides,  is  the  pnncipal  instrument  of  visioa. 
1,  Dr.  Porlerfiekl  observes,  that  the  want  of  visiutitt 
the  insertion  of  the  optic  nerve  may  be  owing  lo  (Ac 
want  of  that  »oftiiebs  and  delicacy,  which  it  has  wiiea 
spread  over  the  choroides;  and  that  in  those  aniiDBit* 
in  which  that  nerve  h  inserted  exactly  in  the  txition 
of  tl>e  eye,  such  as  the  sea-calf,  the  porcupine,  &c.il 
is  observed  to  be  equally  delicate,  and  tqualiy  sensible 
in  that  part  as  in  any  other.  For  were  it  not  so,  it  ii 
not  probable,  that  this  nerve  would  be  inserted  in  x 
place,  where  the  most  distinct  virion  would  be  natu- 
rally expected.  2.  Because  the  nerves  in  general,  wbcn 
constricted  by  their  coats,  have  but  little  sensibility,  ia 
comparison  with  what  they  have,  when  they  are  di- 
vested of  them,  and  unfolded  in  a  soil  pulpy  substanor. 
3.  Haller  observes,  that  the  choroidcs  cannot  be  the 
principal  instrument  of  vision,  because  that  sometitnn 
in  men  and  birds,  but  more  especially  in  tishes,  it  is 
lined  with  a  blaek  mucus,  through  which  the  rays  of 
light  cannot  penetrate.  4.  Because  the  retina  is  a  la^ 
apparatus  of  nerves,  immediately  exposed  to  the  action 
of  light;  whereas  the  choroides  receives  but  a  slender 
supply  of  nerves;  and  even  these  are  much  less  a- 
posed  to  llie  im|»-essions  uf  liglit,  than  the  naked  fibers 
of  tile  optic  nerve.  5.  Another  argument  for  the  rtti- 
na's  being  the  immediate  instrument  of  vision,  ia  de- 
rived from  the  effects  of  an  amaurosis  or  gutta  aertea, 
which  totally  destroys  vision;  in  which  disease, 
optic  nerve  has  been  found  to  be  lessened,  %vil 
and  hardened,  when  no  functions  of  the  eye 
pended  upon  the  nerves  of  the  choroides  were  k 
least  aftected.  Now  as  the  optic  nerve,  which  is 
employed  in  forming  the  retina,  is  die  only  thing"! 
is  affected  iu  this  disease,  which  occasions  total  bl 
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ness,  it  IS  therrfore  probable,  tiiat  the  retina  is  the 
principal  inslrumrnt  of  vision. 

Upon  the  whole,  it  appears  to  me  the  most  probable 
conclusion,  that  although  the  retina  may  be  considered 
the  principal  instrument  of  sight,  fay  which  the  sensa- 
'  tions  excited  by  external  objects  may  be  communi. 
■  cated  to  the  brain,  as  its  naked  fibers  seem  naturally 
more  sensible  of  these  impressions;  yet  the  choroides 
may  also  be  essentially  necessary  for  the  purpose  of 
complete  and  distinct  vision. 

The  brtghtness  and  distinctness  of  vision  next  de- 
serves a  particular  consideration.  Vision  is  said  to  be 
Aright,  when  a  sufficient  number  of  rays  enter  the  eye 
at  the  same  time;  and  obscure,  when  too  few  are 
admitted  to  make  a  vivid  and  forcible  impression. 

That  an  object  may  appear  witli  a  sufficient  degree 
of  brightness,  we  are  furnished  with  a  power  of  en- 
larging or  contracting  the  pupil  at  pleasure,  by  means 
of  the  muscular  fibers  of  the  iris,  in  order  to  admit  a 
larger  or  less  quantity  of  light,  as  occasion  may  re- 
quire. But  this  power  has  its  limits  in  every  animal, 
although  in  some  it  may  be  more  extensive  than  in 
others,  especially  in  such  as  are  destined  to  seek  their 
food  in  the  night;  such  as  cats,  foxes,  &c.  This  is 
evident  from  what  happens  to  a  person  coming  into  a 
room,  after  having  been  out  walking  in  the  snow  or 
bright  sunshine.  At  first  he  scarcely  sees  any  thing, 
until  the  pupils  of  his  eyes  have  had  lime  to  open  and 
expand,  having  been  almost  shut  before,  in  order  to 
exclude  such  a  degree  of  light  as  was  found  lo  be 
offensive.  After  a  few  seconds,  he  will  see  every  object 
around  him  with  sufficient  brightness.  For  the  same 
reason,  the  pupil  of  the  eye  is  observed  to  be  hu^ger  in 
the  morning  and  evening,  than  at  noon;  and  in  a  dark 
day,  than  in  a  day  when  the  sun  shines  bright. 
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Vision  is  said  to  be  distinef,  when  the  rays  of  acfe 
pencil  from  an  object  are  accurately  collected  intoone 
and  the  same  point  on  the  retina;  but  it  is  con/iuft/, 
when  they  meet  and  cross  each  other  in  the  vhreons 
humour,  or  when  they  tend  to  a  focus  beyond  the  it- 
tina.  For  in  both  these  cases,  the  rays  that  come  from 
two  or  more  points  of  the  object  would  fall  upon  ihc 
same  part  of  the  retina,  and  forming  the  images  ef 
these  points  of  the  object  on  the  same  place,  must 
render  the  image  confused  and  indistinct.  This  raw 
arise  cither  from  an  undue  convexity  in  the  cornea  or 
crystalline  lens,  or  from  a  disproportionate  distance 
of  the  object.  The  last  of  these  we  shall  consider  fixst.- 
By  a  fundamental  law  of  refraction,  the  focal  distinct 
of  the  image  depends  upon  the  distance  of  the  ot^ect 
from  the  lens.  As  the  distance  of  the  one  is  increased, 
the  distance  of  the  other  is  lessened.  The  object  that- 
fore  at  a  certain  distance  from  die  crystalline  lens, 
will  have  its  image  accurattly  formed  upon  the  retina. 
But  at  any  other  distance,  whether  greater  or  less,  the 
image  will  be  formed  either  nearer  to,  or  farther  from, 
the  crystalline  lens.  So  that  while  the  eye  continoci 
of  the  same  figure  without  alteration  in  any  respect, 
objects  at  a  particular  disitance  only  can  be  seen 
distinctly,  and  all  otliers  must  necessarily  appear  cod- 
fused;  because  the  focal  distance  of  the  image  be- 
coming less,  as  the  distance  of  the  object  increases, 
the  image  cannot  be  accurately  formed  on  the  icti- 
na.  But  as  it  is  of  the  last  consequence  to  our  haf^- 
ness  in  this  world,  that  vision  should  be  distinct,  vt 
are  accordingly  furnished  with  a  certain  power  of 
conforming  the  eye  to  different  distances  of  objects, 
within  certain  limits,  whereby  they  may  be  seen  dis- 
tinctly, notwithstanding  their  different  distances. 


The  images  of  external  objects  may  be  formed  upon 
the  retina,  and  the  focal  distance  of  the  rays  be  pre- 
served invariable,  notwithstanding  the  different  dis- 
tances of  the  objects,  by  increasing  or  diminishing  the 
■convexity  of  the  cornea  or  crystalline  humour,  or  of 
■both,  or  by  altering  the  form  of  the  eye,  whereby  it  is 
made  either  longer  or  shorter  by  nn;ans  of  the  exter- 
nal muscles  which  turn  it  in  different  directions.  And 
the  eye  may  be  conformed  to  the  different  distances 
of  various  objects  by  altering  the  position  of  the  crys- 
talline lens,  bringing  it  nearer  to,  or  farther  from  the 
retina. 

That  we  l\ave  some  such  power  over  the  eye,  to 
conform  it  to  the  different  distances  of  objects,  is  evi- 
ilent  from  every  day's  experience,  but  which  of  these, 
or  what  similar  power  nature  has  destined  for  our  re- 
lief, is  mucli  disputed  by  philosophers.  The  coats  of 
the  eye,  especially  in  some  animals,  seem  to  be  too 
hard  to  admit  of  the  necessary  alteration  in  the  form 
of  the  whole  eye;  and  its  cavity  to  be  too  compactly  fill- 
ed, to  allon'  of  the  removal  of  the  crystalline  humour, 
Jroni  place  to  place,  as  occasion  may  require.  It  seems 
therefore  most  probable  to  me,  that  this  accommodation 
of  the  eye  to  the  different  distances  of  objects,  is  ef- 
fected by  the  alteration  of  the  figure  of  the  crystal- 
line lens,  which  may  easily  be  accomplished  by  the 
contraction  or  dilatation  of  the  ligamenta  ciliaria. 

Thus  if  we  would  view  a  distant  object  distinctly, 
whose  image  would  be  formed  in  the  vitreous  hu- 
jnour,  before  the  rays  reach  the  retina,  without  any 
alteration  in  the  figure  of  the  crystalline  lens;  the 
design  may  be  accomplished  by  contracting  the  hga- 
meota  ciliaria  which  are  fastened  to  the  edge  of  the 
cap^ula  all  round,  as  this  contraction  of  them  would 
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flatten  the  crystalline  lens«  and  lengthen  the  fiscal 
distance  of  the  rays.  Besides,  these  ligaments  being 
concave  on  the  side  next  to  the  vitreous  humouTi  the 
vitreous  humour  must  be  in  some  measure  coHi|NPe8- 
sed  by  their  contraction,  and  thereby  made  to  press 
upon  the  crystalline  lens,  by  which  it  b  made  stiU 
flatter.  By  these  means  the  rays  of  light,  which  woaid 
otherwise  meet  in  a  focus  in  the  vitreous  humour,  ait 
now  made  to  converge  to  a  point  on  the  retina.  And 
on  the  other  hand,  when  we  would  view  a  near  object, 
whose  focal  distance  would  be  beyond  the  retina,  we 
relax  the  ligamenta  ciliaria,  and  thereby  suSar  the 
ctystalline  lens  to  assume  a  more  convex  form,  and 
thus  converge  the  rays  of  light  to  a  nearer  focos^ 
Although  the  crystalline  lens  is  of  such  a  substnoe 
as  will  not  be  easily  compressed,  yet  it  floats  in  a  tUa 
transparent  fluid  like  water,  inclosed  in  the  capsois, 
which  can  easily  yield  to  the  pressure  of  the  vitreooi 
humour,  and  thereby  sufier  the  necessary  altenrtioi 
in  its  figure,  which  will  answer  the  same  purpose. 

To  all  this  we  may  add,  that  although  the  aocommo- 
dation  of  the  eye  to  the  difierent  distances  of  ofafed^ 
in  order  to  produce  distinct  vision,  may  be  principsfly 
efiected  by  the  ligamenta  ciliaria;  yet  it  may  abo  be 
accomplished  in  some  measure,  by  the  contraction  ad 
dilatation  of  the  pupil,  which  power  we  indisputably 
possess.  When  rays  proceed  from  a  near  object,  too 
much  diverging  to  be  collected  into  a  focus  on  tbe 
retina,  by  contracting  the  pupil,  the  most  divergiif 
rays  are  excluded,  whereby  the  others  are  collected, 
on  the  retina. 

Thus  we  find,  that  we  can  read  a  very  small  print 
distinctly,  through  a  pinhole  in  a  card,  held  close  to 
the  eye,  and  view  an  object  distinctly  at  a  much  smaller 
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distance,  than  we  could  otherwise  do,  without  such 
a  contrivance  to  cut  off  the  rays  that  diverge  too 
much.  And  when  we  would  view  a  distant  object  dis- 
tinctly, by  enlarging  the  pupil,  we  admit  more  of  the 
diverging  rays  to  enter  the  eye,  which  are  united  at  a 
more  distant  focus  than  those  that  are  less  diver^g, 
and  by  their  union  form  a  distinct  picture  on  the  reti- 
na* So  that  the  power  of  contracting  and  dilating  the 
pupil  of  the  eye,  which  was  principally  designed  to 
regulate  the  admission  of  such  a  quantity  of  light  as 
is  necessary  to  the  brightness  of  vision,  is  also  sub- 
servient to  the  purposes  of  distinct  vision. 

Yet  still  we  must  remember,  that  these  powers  of 
the  eye  are  confined  within  certain  limits.  An  object 
may  be  so  near  or  so  remote  that  the  best  eye  cannot 
see  it  distinctly.  The  eye  cannot  alter  its  figure,  or 
the  figure  and  position  of  its  parts,  so  as  to  answer 
every  distance  of  the  object  or  to  make  the  images  of 
all  objects  distinct  on  the  retina.We  find  by  experience, 
that  we  cannot  see  an  object  distinctly,  that  is  nearer 
to  us  than  five  or  six  inches,  as  the  rays  that  diverge 
from  it  cannot  be  refracted  by  the  eye  with  all  its 
powers  to  so  near  a  focus  as  the  retina.  And  if  the 
object  be  so  remote  as  to  subtend  a  less  angle  at  the 
pupil  than  one  minute  or  45  seconds,  we  find  that 
vision  becomes  obscure,  and  few  eyes  can  clearly  see 
a  round  object  that  subtends  an  angle  less  than  30 
seconds.  By  various  experiments,  the  smallest  angle 
under  which  a  white  spot  upon  a  black  ground,  or  a 
black  spot  on  a  white  ground,  could  be  seen,  is  about 
half  a  minute.  And  yet  there  are  cases,  in  which  an 
object,  whose  diameter  subtends  a  much  less  angle, 
is,  notwithstanding,  visible.  The  fixed  stars,  the  largest 
of  whose  diameters  do  not  measure  a  single  seconds 
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are  visible  to  the  naked  eye.  A  line  also  is  distinolj' 
seen,  whose  diameter  is  not  above  2  or  3  secoodi,  Jl 
the  distance,  at  which  a  round  spot  of  25  or  SO  seomb 
becomes  invisible.  In  order  to  our  perceiving  ttapKt- 
sions  made  upon  the  optic  nerve,  they  must  be  mde 
with  a  sufficient  degree  of  force,  as  from  an  objca 
whose  light  is  inherent  in  itself,  or  from  an  object  of 
Buch  magnitude  in  some  of  its  dimensions,  soas  to  make 
a  i^eater  and  more  forcible  impression.  Hence  we  fiad 
that  a  longer  line  is  visible  at  a  greater  distance  thiD 
a  shorter.  So  that  the  greater  visibility  of  a  line  than 
of  a  spot,  and  of  a  longer  than  a  shorter  line,  seems 
to  depend  upon  a  greater  quantity  of  im|Hcs5ion  aide 
upon  the  optic  nerve. 

But  even  when  the  object  is  of  sufficient  magnitude^ 
and  at  the  most  favourable  distance  for  producing  dis* 
tinct  vision,  we  sometimes  find  a  natural  defect  in  Ac 
construction  of  the  eye  itself,  which  pn-oduces  obsai> 
rity  in  vision,  notwithstanding  all  the  powers  wiA 
which  the  eye  is  naturally  furnished.  This  arises  fion 
too  great,  or  too  small,  a  convexity  in  the  conicaor 
crystalline  lens,  or  it  may  be  in  both,  which  cannot 
be  remedied  by  the  natural  powers  of  the  eye.  Whtn 
the  eye  is  in  a  sound  state,  its  different  refracting  tarts 
are  of  such  a  determinate  degree  of  convexity  and 
refractive  power,  as  to  converge  the  ravs  of  era? 
pencil  into  a  focus,  precisely  upon  the  retitia. 

But  if  the  cornea  or  crystalline  lens,  or  both,  should 
be  more  convex  than  just,  as  is  the  case  of  short-sigbft' 
ed  persons,  such  an  eye  tvill  have  too  great  a  ^efa^ 
live  power,  and  xvill  converge  the  rays  to  a  focus  J" 
the  vitreous  humour,  where  they  form  the  dtstaid 
image  of  the  object,  and  from  whence  they  will  be- 
gin to  diverge  again  before  they  reach  the  retina:  se 
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■■    that  when  they  arrive  at  it,  tliey  will  form  an  ill  tk- 

-  fined  and  obscure  picture  of  the  object  upon  it,  where- 

-  l^  the  vision  will  become  obscure.  Nor  has  llie  eye 
^  sufHcient  power  to  remedy  this  defect,  or  to  converge 
^'  the  rays  to  a  proper  focus.  Persons  who  labour  under 
"  this  inconvcniency  are  called  myopes,  from  the  eye  of 
s-  a  mouse,  which  is  observed  to  be  very  convex:  some- 
*  times  they  are  called  short-sighted,  because  ihcy  can 
B  JKe  distinctly  only  at  a  small  distance.  This  therefore 
■  is  the  natural  remedy  of  this  defect:  because  when  the 
1'  object  is  brouglit  very  near,  the  rays  of  light  are  made 
I  to  diverge  so  much  that  diey  are  collected  into  a 
I     more  distant  focus,  and  form  the  distinct  Image  on 

the  retina.  For  the  same  reason,  concave  lenses  are 
;  advantageous  to  them,  as  the  rays  are  thereby  made 
:  to  converge  to  a  more  distant  focus  on  the  retina. 
By  either  of  these  means,  the  distinct  picture  may  be 
thrown  so  far  back  as  to  fall  on  tlic  retina.  When  such 
persons  look  at  an  object,  and  bring  it  nearer  to  their 
eyes  than  other  persons  can  do,  in  order  to  see  it  dis- 
tinctly, their  vision  must  be  brighter,  as  more  rays  will 
thereby  enter  their  eyes,  than  can  enter  the  eyes  of 
others,  at  the  distance  of  their  distinct  vision.  But 
when  they  use  concave  spectacles  to  view  an  object  at 
a  given  distance,  many  of  those  rays,  which  would 
enter  another  eye,  are  made  by  the  spectacles  to  di- 
verge so  much  as  not  to  enter  their  eyes,  and  conse- 
quently their  vision  will  be  less  bright.  Their  eyes 
will  also  grow  better  by  age;  as  the  humours  naturally 
waste,  and  the  cornea  becomes  flatter,  and  thereby 
converges  tlie  rays  less  than  formerly,  provided  that 
there  be  proper  care  taken  in  the  use  of  their  eyes. 
This  care  is  absolutely  necessary;  because  persons* 
who  were  not  born  with  this  defect,  are  observed  to 
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bring  it  upon  themselves  by  habit.  This  is  remarkabljr 
the  case  with  watch-makers,  engravers,  and  painten 
ill  miniature,  who  are  obliged  to  look  very  nor  to 
their  work.  For  when  the  eye  has  been  long  useitio 
that  conformation,  which  is  necessary  for  seeing  neji 
objects  distinctly,  it  will  at  last  settle  into  that  figure^ 
and  cannot  then  be  altered  at  ple;isurc,  to  see  mere 
distant  objects  with  distinctness.  For  the  same  rea- 
sons, students  will  be  apt  to  grow  short -sighted,  i{ 
they  habituate  themselves  to  hold  their  books  too  near 
to  their  eyes.  So  that  this  defect  is  not  always  reme- 
died by  old  age.  For  by  looking  frequently  and  long 
at  near  objects  in  youth,  ivhilst  the  eye  is  capaUerf 
being  fixed,  by  custom,  in  any  shape,  a  person  miy 
keep  himself  short-sighted,  or  make  himself  so,  ctcn 
if  he  had  been  naturally  otherwise.  For  this  reason,  if 
short-sighted  persons,  instead  of  using  the  artifirid 
helps  of  concave  glasses,  would  accustom  themselves 
to  look  frequently  at  distant  objects,  and  keep  the 
book  as  far  as  possible  from  them  when  they  read, 
they  might,  by  custom,  acquire  the  power  of  vicwiBg 
distant  objects  with  distinctness. 

There  is  another  defect  of  the  eye,  which  ariss 
from  a  quite  contrary  cause,  namely,  too  little  oon- 
vexity  in  the  cornea  or  crystalline  lens,  or  in  both. 
This  is  the  common  infelicity  of  persons,  when  they 
arrive  at  the  age  of  fifty  years  or  thereabouts,  and  es- 
pecially of  such  of  them  as  have  been  accustomed 
their  j'outh  to  look  much  at  distant  objects,  and 
seldom  at  those  that  are  near,  such  as  travellers,' 
lors,  and  sportsmen.  Age  wasting  the  humours  ofl 
eye,  or  custom  fixing  the  conformation  of  it,  that  b 
requisite  for  viewing  distant  objects  with  distinctness, 
the  cornea  may  become  too  flat,  and  possiblv  the 
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'  iSq'Stnlliiie  lens  may  also  feel  the  effects  of  old  age 
''  and  thereby  become  less  convex  than  what  is  neccs- 
I  S&rj  for  distinct  vision.  Hence  rays  that  issue  from  an 
'  object  are  refracted  to  a  more  distant  focus  beyond 
=  the  retina;  and  falling  upon  it  before  they  are  united 
t  in  their  proper  foci,  they  will  form  a  confused  image 
'  of  the  object  upon  it,  and  thereby  render  vision  obscure 
f  and  indistinct. 

'  The  natural  remedy  of  this  defect  is  to  remove  the 
»  object  farther  from  the  eye,  which  will  bring  the  dis- 
'  tinct  image  nearer  to  the  cr)'stallinc  lens,  so  as  to  fall 
I  precisely  upon  the  retina.  But  this  remedy  has  its  li- 
!  mils;  for  the  eye  may  be  so  flat,  as  to  require  that  the 
■  object  should  be  removed  beyond  the  bounds  of  dis- 
tinct vision,  from  whence  so  few  rays  will  enter  the 
eye,  that  the  object  cannot  be  seen  with  sufficient 
clearness  and  precision.  And  it  is  sometimes  impossi- 
bk  to  prevent  this  by  any  care  whatever;  for  age 
will  waste  the  humours  notwithstanding  all  our  en- 
deavours. But  it  may  be  often  prevented  for  a  longer 
time  than  to  the  age  of  fifty  years,  by  using  ourselves 
to  look  at  near  as  welt  as  distant  objects,  and  avoiding 
the  use  of  spectacles  as  long  as  possible.  For  this  will 
in  some  measure  prevent  the  eye  from  being  fixed  to 
any  particular  figure.  And  indeed  the  muscles,  which 
are  designed  for  conforming  the  eye  to  different  dis- 
tances of  objects,  will  best  retain  their  powers  by  fre- 
quent exercise:  so  that  by  accustoming  ourselves 
sometimes  to  view  near  objects,  and  then  those  that 
are  remote,  we  may  commonly  preserve  our  eyes,  for 
a  longer  time,  and  neither  make  ourselves  short-sight- 
ed when  we  are  young,  nor  long-sighted  when  we  arc 
old.  But  when  this  precaution  fails,  recourse  must  be 
had  to  the  artificial  remedy  of  this  defect,  which  is 
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found  in  the  use  of  convex  spectacles  and  readijii 
glasses.  A  convex  lens  assists  the  refracting  pcMraH 
of  the  eye,  as  the  rays  that  pass  through  the  lens  se  | 
thereby  made  to  converge  more  when  they  fall  opsB  . 
the  eye,  and  consequently  to  be  refracted  to  a  less 
distant  focus;  so  that  the  image  of  the  object  will  be 
painted  on  the  retina,  when  the  lens  is  of  a  proper 
convexity.  By  the  use  of  these  lenses,  more  rays  are 
converged  into  the  pupil  of  die  eye,  by  which  the  ob- 
ject appears  brighter;  and  it  appears  more  distant,  erect, 
and  magnified,  as  we  have  seen  before. 

The  more  directly  any  gbject  is  placed  before  the 
eye,  the  more  distinctly  it  is  seen;  and  others  tlut  are 
obliquely  posited  are  viewed  obscurely:  because  the 
raj's  that  fall  nearest  to  the  axis  of  the  eye,  arc  more 
accurately  converged  to  a  focus  on  the  retina. 

From  what  we  have  said  of  the  constrtictioii  of  ihc 
eye  and  the  refraction  of  the  rays  through  its  various 
humours,  we  may  Icam,  that  we  are  not  left  entirelv 
to  custom  and  experience  in  judging  of  the  posilion 
and  distances  of  extenial  objects,  though  we  derivci 
great  deal  from  these  sources,  but  we  are  also  in  some 
oases,  especially  when  the  objects  are  near,  greatif 
assisted  by  the  manner  in  which  therays  are  FcfiitlDd 
by  the  eye.  As  every  point  of  an  object  is  seen  io  Ac 
direction  of  a  ray  proceeding  from  it,  when  llitt  nff 
enters  the  eye,  we  acquire  by  experience  the  habit  of 
referring  an  object  to  that  place,  from  which  the  np 
come  to  the  eye.  And  as  the  eye  is  unacquainted  irilb 
any  refractions  which  the  ray  may  suffer  before  it  en- 
ters the eje,  by  passing  through  any  refractive  metfinni 
before  its  incidence  on  the  eye,  we  entirely  neglect  the 
change  of  direction  arising  from  it,  and  still  refer  tbe 
Bbject  to  some  point  in  the  line,  in  which  the  rif 


|,  enters  the  eye.  So  tliat  we  jtidge  of  the  position  of 
_,  objects  by  the  direction  of  t)ie  rays  from  them  at  their 
.j  incidence  on  the  eye. 

j       We  are  also  enabled  in  some  measure  to  judge  of 
I    the  distances  of  objects,  by  the  degree  of  divergency, 
with  which  the  rays  enter  the  eye,  especially  where  it 
r    is  considerable. 

And  when  the  object  is  known  and  familiar  to  us, 
we  judge  of  its  distance  by  its  apparent  magnitude, 
or  the  optic  angle  under  which  it  is  viewed. 

The  sensible  change  that  is  made  in  the  figure  of 
the  e)e,  or  of  its  different  parts,  by  the  contraction  or 
dilatation  of  the  muscles,  by  which  it  accommodates 
itself  to  the  different  distances  of  objects,  enables  us 
in  some  measure  to  judge  of  these  distances. 

The  brightness  and  distinctness  with  which  the 
various  parts  of  an  object  are  seen,  contribute  some- 
thing to  the  accuracy  of  our  judgments  concerning 
its  distance,  referring  those  objects  that  appear  bright- 
est to  the  shortest  distance;  as  we  are  previously  cer- 
tain that  more  rays  from  a  near  object  may  enter  the 
eye,  than  from  one  that  is  more  distant,  to  render  the 
image  brighter  upon  the  retina. 

In  all  cases,  wliere  the  distance  between  the  eyes 
bears  any  sensible  proportion  to  the  distance  of  the 
object,  wc  are  much  assisted  in  our  judgment  of  such 
distances  by  the  magnitude  of  the  angle  comprehended 
under  the  optic  axes  of  the  eyes  at  the  object.  But  in 
greater  distances,  we  have  recourse  to  the  parallax 
of  the  object,  or  its  bearing  when  viewed  from  differ- 
ent stations.  And  when  all  these  methods  fail,  we  have 
recourse  to  experience  and  the  assistance  of  other 
senses,  and  the  recollection  of  former  ideas  and  judg- 
ments. 
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Upon  the  whole,  we  have  endeavoured  to  illustntt 
these  several  propositions,  which  seem  worthy  to  be 
remembered;  vis.  That  the  apparent  brightness  of  an 
object  depends  upon  the  quantity  of  light  recdml 
from  any  point  by  the  eye;  that  its  distinctness  atises 
from  the  accuracy  of  the  collection  of  its  several  pen- 
cils of  rays  into  a  focus  on  the  retina;  that  its  apparau 
situation  depends  upon  the  last  direction  of  the  rayi. 
when  they  enter  the  eye;  that  its  apparent  magnitudr, 
at  a  known  distance,  depends  upon  the  magnitude  ti 
the  optic  angle;  and  that  we  judge  of  the  distance  d 
an  object,  not  only  by  all  these,  but  also  by  expericacr 
and  our  other  senses. 

OF  OCULAR  SPECTRA. 
From  the  stimulus  which  the  retina  receives,  froB 
the  impressions  of  the  rays  of  light  upon  it,  all  visiaa 
probably  depends:  and  we  are  not  to  suppose,  that 
the  retina  continues  in  a  passive  state,  while  vision  b 
performed,  but  that  it  is  stimulated  into  action,  lie 
the  other  organs  of  the  animal  body,  by  irriniM 
from  the  impressions  of  the  rays  of  light,  espccNdljtt 
it  consists  of  fibres  intermixed  with  a  considcnUE 
cjuantity  of  nervous  medulla;  as  is  evident  from  it* 
appearance,  being  easily  toni  asunder  when  immcned 
in  warm  water.  Besides,  being  excited  into  action  bf 
irritation,  in  common  with  the  muscles,  they  arcaffl* 
fatigued  or  strengthened  by  action,  are  alike  pained 
when  stimulated  into  action  in  a  state  of  inflanunatiBi^ 
and  alike  subject  to  torpor  and  the  effects  of  ol<lip> 
The  impressions,  therefore,  made  on  the  retina,  bylhe 
rays  of  light  issuing  from  external  objects,  are  then- 
mediate  causes  of  those  sensations,  which  give  usti* 
knowledge  of  the  existence  of  such  objects.    Nor<)> 
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these  impressions  wear  off  instantaneously  upon  the 
cessation  of  their  cause,  but  continue  fin*  some  time, 
like  the  effects  of  other  irritations  in  the  human  body. 
The  impressions  made  by  a  coal  of  fire  whirled  round 
in  a  circle,  continue  until  the  coal  return  to  the  place 
where  its  motion  commenced,  and  renews  the  impres- 
sion. When  any  one  has  attentively  viewed  a  luminous 
object,  fix-  a  few  minutes,  an  inuige  of  it  continues  to 
be  visible  for  some  time,  after  closing  his  eyes,  or  re- 
moving them  from  the  object;  this  may  be  called  the 
aeutar  spectrum:  which,  in  various  circumstances, 
may  be  attended  with  d^erent  properties  and  pheno- 
mena, and  which  we  shall  endeavour  to  explain. 

These  ocular  spectra  may  be  different,  according 
to  the  different  degrees  of  irritability  of  the  retina  at 
the  time,  arising  from  the  force  of  previous  impres- 


L  The  retina  is  not  so  easily  excited  into  action  by 
leas  irritation,  when  it  has  been  lately  subjected  to 
greater.  Hence,  when  a  person  enters  a  darkened  room, 
after  walking  in  the  snow  or  bright  sunshine,  although 
the  pupil  soon  expands,  yet  the  retina  will  not  so 
quickly  l^ecome  sensible  to  the  weaker  impressions  of 
iigfat  in  the  room;  and  if  the  room  be  not  too  dark,  the 
papii  may  be  obser^'cd  to  contract  again  as  the  sensi- 
biUt}'  of  the  retina  returns.  Look  steadily,  for  the 
space  of  a  minute,  on  a  square  piece  of  white  paper 
placed  upon  a  black  ground,  then  move  the  eyes  to  a 
sheet  of  white  paper,  and  a  dark  square  will  appear  in 
the  sheet  of  paper.  The  parts  of  the  retina  which  re- 
ceived the  image  of  the  black  ground  not  having  been 
much  irritated  thereby,  quickly  become  sensible  of  the 
greater  impressions  of  the  white  sheet  of  paper,  friiile 
the  parts  which  have  been  more  irritated  bji  dlfrvii 
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impressions  of  light  from  the  while  scjuarc,  arc  not » 
quickly  excited  into  action  after  their  fatigue. 

In  like  manner,  after  looking  al  the  sun,  or  any 
other  luminous  object,  for  a  short  time,  that  port  of 
the  retina  which  received  his  image  becomes  less  «» 
sible  to  smaller  quantities  of  light,  and  therefore  whv 
our  eyes  are  turned  to  less  luminous  parts  of  the  ii|^ 
a  dark  spot  is  seen  resembling  the  sun  or  other  liun- 
nous  object,  which  we  beheld.  Tliis  also  seems  to  be 
the  source  of  those  musc<e  vohtantes,  which  sone 
have  mistaken  for  something  floating  in  the  aqucoui 
humour  of  the  eye.  We  endeavour  to  bring  thniialo 
the  center  of  the  eye,  that  we  may  have  a  more  dis- 
tinct view  of  them,  by  the  motion  of  our  eye,  but  n 
vain,  for  they  move  with  the  eye,  and  have  no  other 
motion  but  ivhat  they  receive  from  it.  Hence,  in  the 
extreme  debility  of  fevers,  sick  persons  are  obserrKJ 
to  be  employed  in  picking  something  from  the  bed- 
clothes, occasioned  by  their  mistaking  these  musoe 
vohtantes  in  their  eyes,  for  realities.  Again, 

Place  a  square  inch  of  white  paper  on  a  ptcee  of 
strawcoloured  silk,  and  having  looked  for  some  tiou 
steadily  upon  the  paper,  remove  the  eye  to  another  pKt 
of  the  silk,  and  there  will  appear  a  yellow  spectnui 
of  the  same  figure  with  the  paper  on  the  silk,  andof 
a  deeper  colour:  for  the  central  part  of  the  retina,  bar- 
ing been  some  time  exposed  to  the  stimulus  of  a  great- 
er quantity  of  white  light,  is  now  become  less  senubic 
of  the  lesser  stimulus  from  the  silk,  and  therefore  sco 
only  the  yellow  rays  from  the  silk.  Thus  wc  caaon 
hear  lower  sounds  after  we  have  been  accustomed  to 
louder,  nor  will  the  stomach  feel  tlie  stimulus  of  com- 
mon food,  which  has  been  accustomed  to  the  use  ol 
spirituous  liquors,       .   iiri  •-  - : 
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'         2.  But  on  tlie  other  hand,  the  retina  is  more  easily 
excited  into  action  by  greater  irritability,  after  having 
been  exposed  to  less. 

If  the  eyes  be  closed  in  a  bright  sunshine,  and  per- 
fectly covered  with  a  hat,  for  a  few  minutes,  on  the 
'     removal  of  the  hat,  the  eyes  being  still  closed,  the  re- 
I    tina  becomes  sensible  of  the  red  rays  that  penetrate 
I     the  eyelids.  A  similar  light  is  seen  through  the  fingers 
'     exposed  to  the  rays  of  the  sun,  or  the  light  of  a  can- 
die.  In  a  dark  day,  or  the  beginning  of  the  evening 
IwiUght,  if  you  loolt  steadily  upon  a  window  for  a  few 
minutes,  and  then  move  your  eyes  a  little,  so  that  those 
parts  of  the  retina,  which  had  before  received  the 
images  of  the  wooden  frame  of  the  sashes,  may  now 
vzeceive  the  images  of  the  panes  of  glass,  many  lumi- 
^^Bus  lines  will  now  appear  to  lie  across  the  panes. 
wKcr  those  parts  of  the  retina,  which  before  were  less 
stimulated  by  the  dark  frame  work,  are  now  more 
sensible  to  the  light,  than  the  other  parts  of  it,  which 
were  exposed  to  a  greater  stimulus,  from  the  lighter 
parts  of  the  ivindow.  The  same  will  happen  also  when 
the  eyes  are  closed,  by  means  of  the  small  degree  of 
light,  which  penetrates  the  eyelids.    And  if  the  frame 
be  painted  black,  the  image  of  it  will  be  red:  through 
the  influence  of  the  red  rays,  which  more  copiously 
enter  the  eyelids.  In  the  same  way,  a  black  spot  of  any 
figure  made  on  a  white  paper,  will,  upon  moving  the 
eye  from  it   a  little,  appear  upon  the  white  paper, 
something  whiter  than  the  other  parts  of  the  paper, 
after  the  black  spot  has  been  steadily  viewed  fora  few 
minutes.    For,  the  parts  of  the  retina,  which  received 
the  image  of  the  black  spot,  are  now  more  sensible  to 
the  impressions  of  light,  than  the  other  parts,  which 
received  the  picture  of  the  white  paper.       >.■  .  jiii-ii- 
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On  closing  tlie  eyes,  after  viewing  die  black  qM' 
on  the  white  paper,  the  spectrum  ivill  appear  niu 
through  the  influence  of  the  red  rays  that  peaetnueito 
eyelids,  if  in  the  day  light,  but  yellow,  if  viewed  bytk 
light  of  a  tallow  candle:  for  tallow  caadles  abound 
much  with  yellow  light,  which  passes  in  greater  quai- 
lilies  and  force  through  the  eyelids,  than  blue  lighl: 
and  hence  the  difficulty  of  distinguishing  blue  and 
green  by  this  kind  of  light.  In  the  same  manner,  tlie 
Rood  of  light  becomes  intolerable  to  the  eye  tbnt  ha 
been  accustomed  to  slight  irritations  for  some  line 
past,  upon  emerging  from  darkness  into  open  dar.v 
into  a  room  greatly  illuminated.  Thistvill  occawnw 
immediate  contraction  of  the  pupil,  to  counteract  ill 
force.  The  impressions  made  upon  the  retina  continDe 
for  a  short  time,  after  the  irritation  ceases,  and  ifcooti- 
nually  renewed  by  the  same  cause,  may  be  contimwl 
at  pleasure:  as  in  the  case  of  a  coal  of  fire  whifted 
round  in  a  circle,  the  luminous  circle  may  be  conli- 
nued  as  long  as  the  cause  of  the  irritation  act&:  in  the 
same  manner,  as  the  other  senses  retain  the  im|m 
sioiis  made  upon  them.  When  a  hard  body  has  bea 
for  some  time  pressed  upon  the  palm  of  the  hand,  H 
in  the  tricks  of  legerdemain,  it  is  not  easy*  to  distin- 
guish, for  a  few  seconds,  whether  it  remain  or  be  re- 
moved. The  same  may  be  said  of  taste. 

Hence  if  you  look,  for  half  a  minute,  through  a 
dark  tube  of  two  feet  long,  upon  an  area  of  half  in 
inch  of  yellow  silk,  placed  upon  an  inch  area  of  blue 
silk,  upon  closing  your  eyes,  the  colours  of  (he  spec- 
tra will  appear  similar  to  the  areas  of  the  silk,  provided 
the  eye  be  not  much  fatigued  \vith  the  quantity  of 
light:  but  if  the  eye  be  kept  too  long  upon  them,  the 
colours  will  be  changed.  Look  steadily,  for  a  shon 


f,  upon  a  window,  in  the  evening  or  on  a  dark  day, 
upon  closing  your  eyes,  and  covering  them  with 
r  hands,  an  exact  delineation  of  the  window  will 
— rr^pcar;  but  if  any  light  be  admitted  through  the  fin- 
Mi  gers  or  laterally,  tlie  dark  parts  of  the  window  will 
■^  appear  luminous  or  white,  and  vice  versa,  in  a  few 
mi  seconds,  when  the  retina  becomes  sensible  to  the  les- 
^1  ser  impressions  of  light  penetrating  the  eyelids.  This 
■^t  experiment  requires  some  practice  and  calmness,  with* 
r-t  out  any  perturbation  of  the  spirits,  or  fatigue  and  un- 
■■  easiness  of  the  organ  of  vision  to  make  it  succeed  well. 
^'       These  appearances  may  be  termed  direct  ocular 
aa  ^ectra,  which  resemble  their  objects  in  colour  as  well 
b  as  in  form,  and  are  produced  by  a  slight  irritation.  A 
c   Inoderate  stimulus  excites  the  retina  into  action,  which 
i    quickly  ceases,  while  a  greater  stimulus  excites  it  into 
■    a  spasmodic  action,  which  ceases  and  recurs  alter- 
^    nately.    And  hence  the  appearance  of  the  window  re- 
r      curs  repeatedly  before  it  entirely  vanishes.    In  like 
I.     planner,  upon  looking  at  the  setting  sun,  so  as  not 
I      greatly  to  fatigue  the  eye,  a  yellow  spectrum  is  seen 
to  appear  and  disappear  several  times,  before  it  vanish- 
es entirely;  but  if  it  be  made  to  fall  upon  the  grass  or 
other  coloured  objects,  it  will  change  its  colour  by 
an  intermixture  with  theirs. 

OF  REVERSE  OCULAR  SPECTRA. 

BcT  besides  these  ocular  spectra,  which  represent 
the  form  and  colour  of  their  objects,  there  are  others 
which  represent  the  form,  but  a  colour  the  reverse  of 
their  objects. 

Sir  Isaac  Nevrton  observed,  that  the  thin  plates  of 
air  between  the  convex  and  plane  glasses  which  trans- 
mitted the  violet,  reflected  the  yellow  rays,  those  which 
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reflected  red  transmitted  a  bluish  green, 

which  reflected  orange  transmitted  blue.    Thae  0*1*''' 

lours  may  tlierefore  be  denominated  the  reverse  of  ach|'''l^ 

other. 

Hence  a  red  object  produces  a  green  spectrom, 
orange  produces  a  blue  spectrum,  and  a  yellow  ohj«l 
produces  a  violet  spectrum,  and  vice  versa,  when  Ac 
retina  having  been  stimulated  by  violent  impresuon 
of  the  ravs  of  light  falls  into  spasmodic  action  of  ■ 
opposite  kind;  as  when  any  of  our  muscles  have  bed 
long  or  violently  extended,  and  the  action  ceases,  ik 
limb  is  stretched  the  contrary  way  by  the  antagonin 
muscles,  or  falls  down  motionless,  or  in  a  temporary 
paralysis.  Place  a  piece  of  coloured  silk  upon  a  shcfl 
of  white  paper  about  half  a  yard  from  the  ei'C,  and  look 
steadily  at  it  for  a  minute;  then,  upon  moving  tbre^ 
to  another  part  of  the  paper,  or  closing  them  and  put- 
ting the  hands  before  them  so  as  to  admit  some  l^bl, 
but  not  too  much,  to  enter  the  eyes  through  the  eyefids; 
a  spectrum  will  appear  of  an  opposite  colour,  namdy, 
such  as  would  result  from  a  combination  f^  all  die 
other  prismatic  colours.  For,  as  the  direct  spectniiB, 
without  anj'  lateral  light,  is  an  evanescent  reprcscMa- 
tion  of  the  form  and  colour  of  its  object,  tn  the  unfa, 
tigued  eye,  but  partaking  of  the  colour  of  circunuun- 
bient  objects,  when  mixed  with  lateral  light  from  iheiQ 
so  tlie  reverse  spectrum,  without  lateral  light,  b  a  re- 
presentation of  the  form  of  the  object,  in  the  {atigad 
eye,  with  a  colour  compounded  of  all  the  prisnutii: 
colours,  excepting  that  of  the  object;  and  with  laieni 
light,  the  colour  of  it  is  compounded  with  the  colour 
of  the  direct  spectrum  of  the  circumjacent  objects,  in 
proportion  to  their  respective  quantity  and  brillianc]r> 

To  prove  that  the  green  colour  of  the  rei 
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pectruro,  arising  from  a  red  object,  is  a  compound  of 
Ml  the  other  prismatic  colours,  excepting  that  of  the  , 
object;  let  the  prismatic  colours  be  laid  upon  a  circuo 
^r  wheel  of  pasteboard  of  four  inches  diameter  in  this  < 
Proportion,  red  45",  orange  27°,  yellow  48',  green,  60", 
^uc  60',  indigo  40",  and  violet  80',  and  the  wheel,  u[>*  i 
An  being  turned  quickly  on  its  axis,  will  appear  white,  i 
3ie  compound  of  all  the  prismatic  colours,  as  has  been  j 
<>rmerly  observed.  But  now  let  the  red  compartmenti  ■* 
De  entirely  left  out,  and  the  others  be  proportionably 
enlarged  to  complete  the  circle;  then  as  the  orange  is  ' 
a  mixture  of  red  and  yellow,  the  adjacent  coloursj  { 
i^ibstitutc  yellow  iu  its  place;  and  as  the  violet  is  ft  i 
mixture  of  red  and  indigo,  its  adjacent  colours,  sub-  « 
Stilutc  indigo  in  its  place;  that  all  red  may  be  entirelyt  { 
sx eluded  from  the  painted  wheel,  as  the  fatigued  eye  ' 
is  supposed  to  become  insensible  to  the  impressions  j 
of  the  red  rays,  when  the  green  spectrum  is  excitec^  i 
in  it.  Now  upon  turning  tliis  wheel  quickly  upon  its  ^ 
axis,  a  green  colour  is  produced  corresponding  with  i 
great  exactness  to  the  green  colour  of  tlie  reversed  i 
spectrum  obtained  in  the  fatigued  eye  from  a  red  i 
object. 

In  contemplating  these  reverse  spectra,  they  ; 
found  to  appear  and  disappear  several  times  s 
sively  before  they  vanish,  and  when  disappearing  theyt-^ 
may  be  renewed  by  withdrawing  the  hands  from  be- 
fore the  closed  eyes,  and  admitting  a  little  light  throu^  I 
the  eyelids.  Because  the  retina,  being  sensible  to  aUkJ 
other  rays,  except  those  with  which  it  was  lately  &•,' 
tigued,  is  at  the  same  time  stimulated  into  such  mo;  1 
tions  as  produce  the  reverse  spectra.  On  looking  oa  f 
the  meridian  sun  as  long  as  the  eyes  can  bear  its  "^ 
brightness,  the  disk  will  becom?  pale  and  then  blue. 
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surrounded  witli  a  white  halo,  and  upon  closing  the. 
eyes,  the  spectrum  will  appear  yellow  at  first,  andsooa 
change  into  blue,  which  may  continue  for  some  <!afs; 
as  the  retina  having  been  so  violently  stimulated  ii 
action  falls  into  various  successive  spasmodic  actioas, 
which  may  continue  several  hours,  or  even  induce  a 
temporarj-  paralysis  of  the  organ  of  vision.  Hence  the 
danger  of  looking  too  long  at  very  bright  and  lutu- 
nous  objects. 

The  direct  and  inverse  spectra  may  exist  at  the 
same  time,  excited  by  diffirent  or  by  the  same  objects. 
When  six  inches  square  of  bright  Indian  pink  paper  It 
viewed  for  some  time,  upon  a  foot  square  of  m 
paper,  the  green  spectrum,  viz.  the  reverse  cS  the 
pink  paper,  appears  in  the  center,  while  the  extcniil 
spectrum  is  of  a  pink  colour,  which  is  the  direct 
spectrum  of  the  coloured  paper.  The  same  will  hap- 
pen when  the  internal  area  is  white,  and  the  exterml 
area  is  pink  colour.  While  the  rays,  from  the  bright 
internal  object,  fall  widi  their  full  force  upon  the  reti- 
na, and  by  fatiguing  it,  induce  the  reverse  spectruu; 
many  scattered  rays  from  the  internal  pink,  colouitd 
paper,  fall  upon  the  external  parts  of  the  retina,  with 
such  force  as  is  sufficient  to  produce  a  direct  specumn 
of  it.  In  the  same  manner,  six  inches  square  ofvtc^ 
paper,  viewed  on  the  same  white  ground,  exhibitcda 
yellow  spectrum,  the  reverse  of  the  violet,  while  the 
external  spectrum  was  of  the  same  colour,  being  it* 
direct  spectrum,  produced  as  before  explained. 

If  two  colours,  mutually  the  reverse  of  each  o|h)^ 
be  viewed,  one  surrounding  the  other,  the  sc^wcfi 
rays  from  tlie  one,  which  only  tend  to  excite  its  (Sial 
spectrum,  coinciding  with  the  reversed  spectnim  rf 
the  other,  will  make  both  the  spectra  more  brigbt  arf 
vivid. 


387 

trt-glass,  which  is  the  last  part  of  the  ratio.  And 
hatever  magnitude  the  image  will  ap|K:nr  to  liavc  tf) 
le  eye  placed  at  the  eye-giass,  the  5amc  it  will  liuvc 
I  the  eye  any  where  in  the  axis  of  it,  JK'caiiiic  tlie 
nage  is  at  its  focal  distance. 

In  some  microscopes^  a  plano-convex  lens  is  intcr- 
)sed  between  the  object-glass  and  the  distinct  imn^e, 
I  that  the  rays  may  suffer  a  second  refructifin  JK'fore 
ley  are  converged  to  a  focus.  This  will  contract  tlir 
oage  and  make  it  less,  but  the  field  of  view  will  lir 
ilarged,  and  the  vision  will  be  more  agrccablr. 

The  area  of  the  object-glass  ought  lo  l/r  %mitll^  be 
luse  the  object  being  placed  so  near  to  it,  tlic  rzUftttf' 

• 

lys  would  diverge  so  much,  if  the  gla%s  wuf  iwyf^ 
\  to  render  the  image  indistinct.  But  \0y  fy^ttr^ut$»fi^ 
le  area  of  the  gla&s,  these  very  diverf^r^;  ri$)  ^  ;»ie 
Kcluded  from  the  picture*  iSut  ^ler^  ^jy  aiiv/  w#:  tf^t^itf 
le  image  obscure,  and  thtttffA^  Up  tJif^tsu^.  >u  t^^!^^ 
ess,  various  ways  are  cor4med»  ^w,h  m  fA^/./;.);  ^itt 
bject  in  the  suiishirve^  or  i^^j^it^Jti:.^^  rJnf-.  \$^rr  t/j  n 
Dovex  lens,  cr  &  t^xx^^n^  iif.frr^>r,  x:A  tMVw#vv4j  /«• 
pen  the  object. 

A  microac/^  r.t  thit  r*Aw?in^  ir.r/1  n^y  »n^r  r/^ 
lade  with  a  sznau  r/irxav^  ^^t^x,  li  *j^.  ^k/f/^x  rA 
bccd  cear'^  lv  'rhe  surror,  than  ;t;c^  ^Tir/'.iip^i  ^i«v«K^y 
le  ima^  t;^  >►  •vininii  r;vi  .wrr/vr.  *n^»  *r^//  >»ffwl 

irtfacr  'Jr-ar.  :he  iwia  :r->m  'iwt  rtt*rr'*»'  h#t  *rt^5nci*  '-.U 
e  en  :he  vime  iwle>  .ir-  irtvi.  «a4  ;«fiMgp>i<W*4  .«»  -*^ 


object,  as  the  lens  is  placed;  but  as  wc  have  not  dis- 
tinct vision  by  the  eye  at  much  less  than  sixty  thnes 
that  distance,  or  six  inches,  the  image  «'ill  therderv 
appear  to  be  magnified  sixty  limes.  By  such  a  mioo- 
scopc,  we  shall  see  the  object  as  large  as  it  would  ap- 
pear to  the  naked  eye,  if  it  were  sixty  limes  as  near  to 
it  as  we  usually  place  an  object,  which  we  desire  Id 
view  distinctly  with  the  naked  eye. 

A  double  refracting  microscope  consists  of  an  object- 
lens  of  a  small  focal  distance,  and  one  or  two  eye- 
glasses. If  the  object  be  placed  at  a  little  more  thui 
the  focal  distance  of  the  object-glass  from  it,  it  wiD 
have  its  image  formed  inverted  on  the  other  sideirf 
the  lens,  and  proportionably  large,  as  both  irill  U 
seen  under  the  same  angle  from  the  object-glass.  Not, 
if  an  eye-glass  be  applied  to  view  this  image  at  its  fo- 
cal distance  from  it,  the  rays  will  proceed  parallel  after 
refraction  through  it,  to  the  eye  placed  in  the  axisof 
this  lens.  This  compound  microscope  ivill  m^nift 
an  object  in  the  compound  ratio  of  the  object's  disBnce 
from  the  lens  to  the  limit  of  distinct  vision  to  tht 
naked  eye,  which  is  about  six  inches,  and  of  tbc&- 
tance  of  the  eye-glass  from  the  image,  to  the  distance 
of  the  object-glass  from  it.  The  first  of  these  ratios  is 
evident,  from  what  we  have  said  of  the  single  micw- 
scope,  where  ihe  eye  being  placed  at  the  object-gin 
would  see  the  object  as  much  greater,  as  it  is  nor 
nearer  to  it  than  the  limit  of  distinct  vision;  but  if  iht 
eye  be  placed  at  the  eye-glass,  to  view  die  distinct 
image,  it  will  now  see  it  as  much  more  magnified,  is 
it  is  now  nearer  to  it,  than  when  it  «-as  at  the  objea- 
glass.  Therefore,  when  the  eye  is  at  the  eye-glaw,  ii 
will  see  the  image  magnified  in  the  ratio  of  its  disUoct 
from  the  image,  to  the  image's  distance  from  the  ob- 
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distances  of  the  small  mirror  snct  eye-glass,  and 
quotient  will  give  the  magnifying  power  of  the  teles< 
cope. 

Instead  of  the  second  concave  mirror,  if  a  plane 
speculum,  placed  at  an  angle  of  45  degrees  with  the 
axis,  were  interposed  to  receive  the  rays  from  the  large 
mirror  before  they  arrived  at  their  focus,  they  would 
therebj'  be  reflected  towards  the  side  of  the  tube, 
■where  the  image  would  be  formed,  which  might  then 
be  viewed  by  an  eye-glass  in  the  side  of  it.  This  is  the 
Newtonian  form  of  the  reflecting  telescope;  and  as  there 
is  but  one  image  formed  in  it,  its  magnifying  power 
will  be  in  the  ratio  of  the  focal  distance  of  the  eye- 
glass to  the  focal  distance  of  the  object- mirror. 

The  refracting  telescope  consists  of  one  object-lens 
of  considerable  focal  length,  and  one  eye-glass,  placed 
at  the  sum  of  their  focal  lengths  from  each  other. 
W'hen  rays  from  a  distant  object  pass  through  the 
object-glass,  they  are  collected  into  its  principal 
focus,  where  they  form  an  inverted  image  of  the  ob- 
ject, which  image  is  viewed  by  an  eye-glass  placed  at 
its  focal  distance  from  the  image,  that  the  rays  which 
diverge  from  it  may  fall  parallel  upon  the  eye.  The 
magnifying  power  of  this  telescope  is  in  the  ratio  of 
the  focal  distance  of  the  eye-glass  to  that  of  the  object- 
glass.  Because  to  an  eye  at  the  object-glass,  or  at  the 
same  distance  from  the  image  as  the  object-glass  is, 
it  would  appear  under  the  same  angle  with  the  object; 
and  if  the  eye  be  placed  nearer  to  it,  as  for  example  at 
the  eye-glass,  it  would  appear  as  much  greater  as  the 
eye  is  nearer.  Therefore  if  the  eye  were  placed  at  the 
station  of  the  eye-glass,  the  object  would  appear  as 
much  greater  to  it,  than  to  the  naked  eye,  as  it  is  near- 
er to  the  image  at  the  eye-glass  than  at  the  object. 
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object,  as  the  lens  is  placed;  but  as  wc  ha\'c  not  dis- 
tinct vision  by  the  eye  at  much  less  than  sixty  thncs 
that  distance,  or  six  inches,  the  image  will  thereTore 
appear  to  be  magnified  sixty  times.  By  such  a  micro- 
scope, we  shiill  sec  the  object  as  large  as  it  Mould  ap- 
pear to  the  naked  eye,  if  it  were  sixty  times  as  near  to 
it  as  we  usually  place  an  object,  which  we  desire  to 
view  distinctly  with  the  naked  eye. 

Adouble  refracting  microscope  consists  of  an  objccl- 
lens  of  a  small  focal  distance,  and  one   or  two  eye 
glasses.  If  the  object  be  placed  at  a  little  more  ihifl 
the  focal  distance  of  the  object-glass  from  it,  it  will 
have  its  image  formed  inverted  on  the  otber  side  of 
the  lens,  and  proportionably  larg-e,   as  both  wit]  be 
seen  under  the  same  angle  from  the  object-glass.  Now, 
if  an  eye-glass  be  applied  to  view  this  image  at  its  fo- 
cal distance  from  it,  the  rays  will  proceed  parsOel  after 
refraction  through  i(,  to  the  eye  placed  in  the  axb  rf 
this  lens.    This  compound  microscope  will  magntJ^' 
an  object  in  the  compound  ratio  of  the  object's  distence 
from  the  lens  to  the  limit  of  distinct  vision  to  the 
naked  eye,  which  is  about  six  inches,  and  of  the  ^ 
tance  of  the  eye-glass  from  the  image,  to  the  distance 
of  the  object-glass  from  it.  The  first  of  these  ratios  b 
evident,  from  what  we  have  said  of  the  single  nucio- 
scope,  where  the  eye  being  placed  at  the  object*gisai 
would  see  the  object  as  much  greater,  as  itianov 
nearer  to  it  than  the  limit  of  distinct  vision:  birt  if  the 
eye  be  placed  at  the  eye-glass,  to  view  the  distinct 
image,  it  will  now  see  it  as  much  more  magnifiol.  ■* 
it  is  now  nearer  to  it,  than  when  it  nas  at  the  objett- 
glass.  Therefore,  when  the  eye  is  at  the  eye-glass,  il 
will  see  the  image  magnified  in  the  ratio  of  its  distance 
from  the  image,  to  the  image's  distance  from  the  ob- 


391 

between  the  two  additional  eye-glasses,  in  the  same 
manner  as  it  was  fonned  in  the  first  telescope;  save 
only,  that  as  the  first  image  was  inverted  with  respect 
to  the  object,  the  second  will  be  inverted  with  respect 
to  the  first,  and  consequently  erect  with  respect  to  the 
object.  As  the  two  additional  eye-glasses  are  generally 
of  the  same  focal  length  with  each  other,  they  cannot 
inagnify  the  object,  and  therefore  when  applied  to  the 
former  telescope,  they  do  not  alter  its  magnifying 
power. 

Although  the  magnifying  power  of  the  telescope  is 
not  altered  by  placing  the  eye  any  where  in  the  axis 
of  the  rays  that  pass  through  the  last  eye-glass,  yet  the 
most  advantageous  position  of  the  eye  is  at  Uie  focal 
distance  of  the  eye-glass  from  it.  Because,  in  that  place, 
no  rays  from  the  sides  of  the  tube  can  enter  it,  and  all 
the  rays  that  are  parallel  to  the  axis  are  there  collected 
into  a  focus.  Were  any  rays  that  do  not  proceed  from 
the  object  admitted  intotheeye,  the  area  of  view  would 
thereby  be  lessened,  as  some  part  of  it  would  be  occu- 
pied by  the  images  of  other  objects  which  we  do  not 
desire  to  see.  In  any  other  position  of  the  eye,  rays 
from  the  sides  of  the  tube  would  enter  it,  which  be- 
fore  refraction  converged  to  the  axis,  and  thereby 
lessen  the  field  of  view. 

The  Galilean  telescope  consists  of  an  object-glass  of 
considerable  focal  length,  and  a  concave  eye-glass 
placed  at  the  distance  of  the  difference  of  their  focal 
lengths  from  each  other;  so  that  when  the  rays  that 
pass  through  the  object-glass  are  converging  to  their 
focus,  they  converge  at  the  same  time  to  the  focus  of 
the  eye-glass,  by  the  construction  of  the  telescope,  and 
therefore  will  proceed  parallel  to  the  axis  after  refrac- 
tion through  the  concave  cye-^ass.  As  the  rays  do  not 
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cross  cKch  other  in  such  a  telescope,  and  it  is  tbe  faS  ' 
image  of  the  object,  that  wt  see,  the  object  will  appMr 
erect,  and  it  \vill  be  magnified  in  the  ratio  of  the  fool 
length  of  the  eye-glass  to  the  focal  lengtli  of  the  objecu 
glass.  The  area  of  the  field  of  view  in  such  a  telescope 
is  but  small,  as  it  depends,  not  upon  the  breadth  of  die 
eye-glass,  but  upon  the  largeness  of  the  pupil.  And 
therefore  the  most  convenient  place  for  the  err  b 
close  to  the  eye-glass.  For  although  the  rays  of  each 
pencil  are  parallel  after  refraction,  yet  all  the  penc^ 
are  not  parallel  to  each  other;  and  hence  the  eye  wiD 
receive  more  of  ihem,  the  nearer  it  is  placed  to  dx 
eye-glass. 

The  great  imperfection  of  tliese  telescopes  ansa 
from  the  different  refrangibility  of  the  rays  of  light, 
which  prevents  their  being  accurately  collected  into  i 
focus.  The  rays  of  different  colours,  which  proceed 
from  the  same  point  of  an  object,  are,  on  this  account 
refracted  to  different  foci,  whereby  there  will  be  form- 
ed several  images  of  the  same  point  of  the  object,  of 
different  colours,  and  in  different  places.  When  Sif 
Isaac  Newton  demonstrated  that  the  rays  of  light  wcie 
differcndy  refrangible,  according  to  their  difTcrent  co- 
lours, the  perfection  of  the  refracting  telescopes  be- 
came hopeless,  save  only  by  increasing  their  Icngtli, 
which  rendered  them  cumbersome  and  unmanagcablt. 
But  Mr.  Dolland  has  happily  discovered  a  method  of 
remedying  this  difficulty,  and  has  constructed  refrad- 
ing  telescopes  of  moderate  lengths,  with  great  mam- 
fying  powers,  and  free  from  the  inconveniency  ariang 
from  the  different  refrangibility  of  light.  I'fiese  are 
called  achromatic  telescopes,  from  their  exhibitingihc 
images  of  distant  objects  free  from  colours.  Tht  pe- 
culiar construction  of  these  telescopes,  and  the  prinei- 
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flea  fi-om  whence  it  is  deri\ed,  we  shall  now  endeavour 
t^  explain. 

:,  From  the  experiments  of  Sir  Isaac  Newton  it  was 
gencially  belitved,  that  there  could  be  no  refraction 
qf  liic  raj's  of  light  through  any  given  mi^dium,  with- 
put  a  dispersion  of  them  into  thtir  piirticular  colours, 
ftnd  that  every  kind  of  gla^s  would  separate  them  to 
tlie  same  distance,  the  red  fiom  the  violet,  in  all  cases, 
when  the  beam  of  light  suffered  the  same  degree  of 
refraction.  But  Mr.  DoUand  found  from  his  experi- 
ments that  this  was  a  mistake,  and  that  he  could  pro- 
duce a  certain  degree  of  refraction  without  any  sepa- 
ration of  the  beam  into  the  rays  of  particular  colours, 
by  making  it  pass  through  prisms  of  water  and  glass. 
From  hence  he  was  led  to  suppose,  that  the  s;ime  might 
be  effected  by  prisms  of  diflerent  kinds  of  glass,  and 
upon  trial  found  that  white  flint-giiiss  separated  the 
violet  rays  to  a  greater  distance  iiom  the  red,  than 
crown-glass  would  separate  tliem,  when  there  was  an 
e<]ual  refraction  of  tJie  beam  by  both;  and  consequent- 
ly! that  when  the  beam  of  light  had  suffered  unequal 
d^rees  of  refraction  by  both,  in  a  certain  proportion, 
there  was  an  equal  dispersion  of  the  rays.  Now  if  these 
unequal  refractions  were  madu  in  different  directions, 
the  dispersion  of  the  rays  by  one  glass,  would  be  cor- 
rected bv  the  equal  and  contrary  dispersion  by  the 
other;  so  that  there  would  rcnxain  no  separation  of  the 
rays,  while  there  would  still  remain  a  certain  refraction 
equal  to  lUe  difference  of  the  refractions,  which  the 
beam  suffered  by  the  two  kinds  of  glass,  Hence  he 
composed  an  object-glass  of  three  lenses,  viz.  two  con- 
vex lenses  of  crown-glass,  with  a  concave  lens  of 
white  flint  interposed,  and  all  ground  to  the  same 
sphere.  The  reason  of  which  construction  was,  that 
3D 
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as  the  flint-glass  produced  a  greater  degree  of  dbpOl- 
sion  with  a  given  refraction,  there  must  be  a  gfcater 
refraction  by  the  crown-glass,  to  produce  an  cqul 
dispersion  with  the  flint-glass.  And  as  this  excess  of 
refraction  must  serve  to  converge  the  rays  to  a  posi- 
tive focus,  the  two  convex  glasses  must  be  made  of 
crown-glass,  and  the  concave  of  white  fliiit.  That  tlit 
refractions  being  made  in  contrary  directions,  thedis- 
jjersion  of  tlie  rays  might  be  thereby  rectified  fuilT, 
while  the  greater  refraction  of  the  crown-glass  migtrl 
serve  to  converge  the  rays  to  a  poshive  focus- 

The  progress  of  the  rays  through  such  an  object- 
glass  may  be  represented  in  the  following'  manner,  [f 
AB*  be  a  pencil  of  light  falling  upon  the  convex  kns, 
it  will  be  separated  into  the  raj's  of  different  colours, 
and  be  refracted  to  different  foci,  the  red  at  R,  and  the 
violet  at  V,  a  nearer  focus.  But  being  intercepted  by 
the  concave  lens,  they  are  refracted  the  contrary  war, 
so  that  they  are  made  to  con\'erge  less  or  even  to 
divei^e,  but  falling  with  different  obliquities  on  the 
concave  lens,  and  being  refracted  differently  by  the 
white  flint-glass,  the  diverging  red  and  violet  ravs  ait 
now  made  to  converge,  and  meet  in  a  point  and  cross 
each  other  in  I.  But  in  their  passage  they  meet  with 
ihe  other  convex  lens,  which  causes  them  to  convci^ 
to  a  focus,  in  which  they  unite  in  the  axis  of  the  lens. 
Although  this  lens  would  of  itself  converge  the  vidfl 
rays  to  a  nearer  focus  than  the  red,  if  they  wen  inci- 
dent on  it  with  the  same  obliquity,  yet  b«c;iusc  the 
violet  rays  meet  this  lens  with  a  greater  divergency 
than  the  red,  they  will  be  refracted  to  a  more  diswit 
focus,  which  will  coincide  widi  the  focus  of  tlie  red 
rays,  when  the  refractive  and  disposing  powers  of  thf 
lenses  are  projKrly  adjusted  to  each  other. 
•  Plate  Z. 
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,,  VVe  have  here  supposed  that  the  rays  diverged  after 
g.  their  passage  through  the  concave  lens;  but  this  is 
_  not  absolutely  necessary;  they  may  be  made  only  to 
J  converge  less,  and  thereby  unite  in  tlie  axis  oi  the 
g  lens,  without  the  third  con^'ex  lens,  provided  the  ne- 
_i  cessary  degree  of  coiixergency  be  effected  by  the 
J  £rst  glass.  But  it  is  better,  that  it  should  be  effected 
J  by  two  convex  lenses  than  by  one,  as  the  aberration 
gi  of  the  rays  arising  from  the  spherical  figure  of  the 
glass  is  thereby  corrected  in  some  measure.  Nor  is  it 
necessary  that  all  the  lenses  should  be  ground  to  the 
_    same  sphere,  or  be  placed  close  to  each  other. 

When  the  error  arising  from  the  different  refrangi- 
^  bility  of  tJie  rays  is  thus  corrected;  those  arising  from 
.  the  eye-glasses,  usually  called  the  aberration  of  the 
rays,  may  also  be  lessened,  us  was  hinted  above,  by 
'  increasing  their  number.  If  two  eye-glasses  of  a  given 
focal  length  \vere  used,  instead  of  one  of  half  that  focal 
length,  they  would,  between  them,  produce  the  same 
degree  of  refraction  that  is  produced  by  the  one,  and 
the  visual  angle  comprehended  between  the  extreme 
rays  would  be  the  same  in  both  cases:  but  the  refrac- 
tion being  equally  divided  between  them,  the  error 
arising  from  the  spherical  figme  of  the  lenses  would  be 
gready  lessened.  This  error  is  found  to  be  propor- 
tional to  the  cube  of  the  visual  angle;  but  as  half  of 
the  visual  angle  is  produced  by  each  glass,  the  error 
of  aberration  arising  from  each  glass  will  be  as  the 
cube  of  iialf  the  visual  angle,  and  the  whole  error  from 
both  will  be  as  twice  the  cube  of  half  the  angle,  which 
is  only  one  fourth  of  the  cube  of  the  whole  angle.  For 
the  cube  of  any  number  is  four  times  as  great  as  twice 

2' 
the  cube  of  its  half.  2xl'=-7=2.  For  the  same  reason, 
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if  three  cyc-glasses  were  used  to  produce  as  great  ■ 
visual  angle  as  is  pioduced  by  one,  tUe  error  produced 
by  all  would  be  but  a  ninth  ;>;irtof  the  error  produced 
by  the  unc;  for  one  ninth  of  the  cube  of  any  numberis" 
equal  to  three   times   the  cube   of  its    third    part 

-x3'=3xr.  And  if  four  glasses  be  used  instead  of 

one,  the  error  is  reduced  to  a  sixteenth  part. 

Mr.  DolLind  has  not  only  improved  the  object-g^ 
of  the  refracting  telescope,  but  also  the  eye-tube,  by« 
new  disposition  of  the  eye- {^hisses,  using  five  in  nun^ 
ber,  and  disposed  in  the  following  order.  When  ^ 
rays  are  refracted  through  the  object  glass,  they  are 
thereby  made  to  converge  to  a  distant  foctis,  but  meet- 
ing with  the  first  eye-ghiss,  they  are  united  in  a  nearer 
focus,  where  they  form  an  inverted  image,  which  mij^ 
be  viewed  bj-  a  second  eye-glass  placed  at  its  ftwl 
distance  from  this  image,  but  proceeding  paraUcI 
through  the  second  eye-glass,  they  fall  ujxin  a  thir4 
which  would  again  converge  them  to  a  distant  foou; 
but  meeting  with  a  fourth  lens  they  are  convemdw 
a  nearer  focus,  where  a  second  image  is  formed,  invert- 
ed with  respect  to  the  first,  but  erect  as  to  the  object. 
This  secondary  image  is  viewed  by  a  fifth  eve-glta 
placed  at  its  focal  distance  from  it.  By  tliis  constnic- 
taon,  it  appears,  that  the  telescope  is  compounded  of 
two,  each  containing  three  glasses,  counting  the  com- 
pound object-glass  as  one-  They  represent  olijccts  ixn 
distinctly,  and  are  on  some  accounts  preferable  toir- 
fleclors,  as  more  light  Is  lost  by  reflexion  than  by  tn»- 
mission;  as  ihty  are  not  so  easily  tarnished,  and  as  tbey 
are  as  short  as  the  others. 

The  soiar  telescope  is  no  other  than  a  commoB 
refracting  telescope,  having  its  end  fast  in  a  scioplric 
ball  in  a  window  shutter,  that  it  may  receive  the  direct 
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rays  of  the  sun;  and  the  eye-glass  being  placed  at  a 
little  more  than  its  focal  distance  from  the  image,  tho 
ZBys  from  it  will  be  converged  to  a  very  distant  focus 
on  the  opposite  wall,  in  a  darkened  room,  where  an 
image  will  be  formed,  that  may  be  viewed  by  the 
weakest  eyes.  Eclipses  of  the  sun,  and  the  transits  of 
Venus  and  Mercury,  may  thus  be  seen  with  the  great- 
est ease. 

The  magic  lantern  is  only  one  or  more  convex 
lenses,  whose  focal  distance  either  when  single  or 
compounded  together  is  very  short,  and  placed  in  the 
side  of  a  box,  at  a  small  distance  from  coloured  and 
transparent  pictures  on  glass,  so  that  a  very  large  and 
surprbing  image  of  the  same  may  be  made  on  the  op- 
posite wall  in  a  dark  room.  It  is  necessary  that  they 
be  strongly  enlightened  by  a  candle,  whose  light  should 
also  be  reflected  by  a  plane  speculum,  through  the 
convex  lens  in  the  side  of  the  box.  As  this  lens  is 
placed  at  a  little  more  than  its  focal  distance  from  the 
object,  a  large  and  inverted  image  of  it  will  be  formed 
at  a  considerable  distance  on  the  opposite  wall.  No 
light,  but  what  comes  from  the  candle,  should  be 
sufiered  to  fall  upon  the  picture,  lest  the  image  be  made 
obscure:  and  therefore  the  experiment  should  be  made 
in  a  darkened  room. 

The  solar  microscope  is  of  the  same  kind  with  the 
magic  lantern,  only  here  the  objects  are  very  small, 
and  are  enlightened  by  the  rays  of  the  sun,  through  a 
hole  in  the  window- shutter,  and  reflected  parallel  to  the 
floor,  by  a  plane  speculum  on  the  outer  side  of  the 
window.  The  rays  thus  transmitted  pass  through  a 
convex  lens,  whose  focal  distance  is  about  two  inches 
and  a  half,  fall  upon  the  object,  to  enlighten  it  in  a 
higher  degree.    The  rays  that  come  from  the  small 
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object  thus  enlightened  pass  through  a  convex  lens, 
of  one  quarter  of  an  inch  focal  distance,  placed  at  a 
little  more  than  the  focal  distance  from  the  objeci,  so 
that  they  may  be  converged  to  a  very  remote  focus  on 
the  opposite  \vall,  where  a  large  and  inverted  iniige 
will  be  formed. 

The  camera  obscura,  or  darkened  room,  performs  it 
effects  in  the  same  manner,  by  means  of  a  convex  las 
of  considerable  focal  distance  fixed  in  the  windoit- 
shutter,  tvhereby  the  images  of  external  objects  arc 
painted  within  the  room,  upon  a  screen  placed  so  ash) 
receive  the  distinct  images.  The  distance  of  the  screen 
from  the  lens  will  depend  upon  the  different  distaoca 
of  the  external  objects,  and  tlierefore  it  must  be  varied 
accordingly.  No  light  should  be  admitted  idto  the 
room,  but  what  comes  through  the  lens,  from  the  ob- 
jects; and  the  sight  will  be  more  agreeable,  if  the  ob- 
jects be  enlightened  by  the  sun  shining  on  the  adc 
that  is  turned  to  the  window. 

The  construction  and  use  of  any  other  optical  »• 
struments  may  very  easily  be  understood  from  tie 
principles  already  laid  down,  so  that  there  is  do  aai 
of  dwelUngany  longer  upon  them. 

An  equal-altitude  instm/nent  is  a  telescope  with  ho- 
rizontal and  perpendicular  wires,  either  three  or  6?^ 
placed  at  right  angles  to  each  odicr  in  the  focus  c^ the 
eye-glass;  with  two  cylindrir^  arms  from  the  middle 
of  the  telescope,  tapering  away  to  small  terminatioas, 
which  are  to  be  supported  in  a  couple  of  notches,  dal 
when  these  arms  are  placed  horizontally  by  a  ^nrit 
level,  the  telescope  may  move  in  a  vertical  circle.  IV 
supporters  of  the  telescope  are  also  constructed  to  turn 
round  upon  a  perpendicular  axis,  so  that  it  may  mow 
in  any  vertical  circle,  and  be  fixed  at  any  altitude  ai 
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Icasure,  while  it  is  turned  round  on  the  iwrpernlicu- 
lar  axis  into  any  azimuth.  The  altitude  to  which  the 
telescope  is  set,  is  noted  by  a  graduated  arch. 

The  principal  design  of  this  ins.trunicnt  is  to  find 
the  time  of  the  day,  hy  observing  the  time  when  the 
Bun  has  equal  altitudes  holh  in  the  forenoon  and  after< 
noon.  For  the  middle  moment  between  these  observa- 
tions is  the  time  when  the  sun  was  on  the  meridian, 
nearly. 

ASTRONOMY.  ,, 

Astronomy  is  that  science  which  teaches  the  con- 
struction of  the  solar  system,  the  magnitudes  and  dis- 
tances of  the  bodies  of  wliich  it  consists;  together 
with  the  fundamental  laws,  by  which  the  motions  of 
the  heavenly  bodies  are  regulated  and  preserved. 

Nothing  can  exceed  the  grandeur  and  sublimity  of 
the  idea,  which  this  science  gives  of  the  creatiofi  around 
us.  By  it  we  learn,  that  this  earth  on  which  we  live, 
although  apparently  the  largest  \vitli  which  we  are 
acquainted,  forms  but  a  very  small  part  in  that  vast 
assemblage  of  bodies  of  which  the  universe  is  com- 
posed: that  it  would  be  absolutely  invisible  to  eyes  Uke 
ours,  at  the  distance  of  the  sun;  nay,  that  its  annual 
orbit,  although  near  two  hundred  millions  of  miles  in 
diameter,  dwindles  into  an  invisible  point  at  the  dis- 
tance of  the  nearest  of  the  fixed  stars:  That  however 
large  this  earth  appears  to  us,  it  would  require  nearly 
one  million  and  a  half  of  globes,  each  as  targe  as  it,  or 
of  eight  thousand  miles  in  diameter,  to  be  moulded 
together,  to  form  one  as  large  as  the  sun:  That  some 
of  the  planets,  those  erratic  bodies,  which  were  for- 
merly supposed  to  wander  through  the  heavens  with- 
out any  fixed  paths,  are  many  hundred  times  larger 
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than  ihc  farth;  that  they  arc  all  obedient 
fliience  of  the  sun,  and  circulate  round  him  at  difeni 
distances  and  in  different  periods,  by  the  force  of  OR 
eommon  law  :  And  tliat  the  stars  are  not  equally  dis- 
tant from  us,  but  are  scattered  at  immense  distwicn 
from  each  other,  each  shining  with  its  own  inherett 
lustre,  and  dispensing  light  and  heat  to  the  revolvuif 
worlds,  which  compose  their  planetary  systems. 

Innumerable  stars  are  discovered  by  the  telescope, 
which  arc  invisible  to  the  naked  eye,  and  their  num- 
ber increases  with  the  perfection  of  that  useful  instru- 
ment, although  it  has  never  been  found  to  magnifv^ 
apparent  diameter  of  the  nearest  of  thctn;  so  that  thoe 
may  be  many  of  them  at  such  an  inconceivable  dt 
tance  from  us,  that  their  light,  although  coming  iri4 
the  amazing  velocity  of  twelve  millions  of  miles  itii 
minute,  has  not  yet  reached  our  glolje  since  the  cita- 
tion of  the  world.  Their  distance  is  so  immoMlf 
great,  that  through  a  telescope  that  magnifies  6000 
times,  they  appear  but  as  so  many  shining  points. 
And  the  more  that  a  telescope  magnifies,  the  mart  of 
them  are  discovered  in  a  given  portion  of  the  heavcM 
Millions  of  them  therefore  may  not  be  inferior  loout 
sun  in  magnitude;  and  very  probably  were  created  for 
similar  purposes  of  ditfusmg  light  and  heat  to  their 
attendant  worlds;  which  like  our  earth  may  be  the  ap- 
pointed residence  of  unnumbered  ranks  of  raiioMd 
beings,  all  sharing  with  us  in  the  unbounded  munifi- 
cence of  the  Creator.  Instead  then  of  one  sun  and  mooa, 
as  the  unskilful  in  astronomy  are  apt  to  imagine,  ttiic 
science  discovers  to  us  innumerable  suns  and  systems, 
dispersed  through  the  immeasurable  regions  of  space 
so  that  if  our  whole  system,  with  all  its  planets  vi 
icts,  were  mmihilated,  thev  would  no  more  be 
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t  otjt  of  the  universe  than  a  single  grain  of  s:ind  from 
a  tile  shore  of  the  ocean;  although  Herschcl,  the  outer- 
c  most  of  our  planets,  revolves  in  an  orbit  of  near  twelve 
^  thoiisimd  millions  of  miles  in  circumference;  and  some 
^  of  the  comets  make  excursions  of  more  than  ten  ihou- 
,g  sand  millions  of  miles  beyond  his  spacious  round;  for 
^  still,  in  this  extensive  tour,  they  are  nearer  to  the  snn, 
g  than  to  any  of  the  fixed  stars,  and  therefore  return  to 
^    him  as  the  center  of  their  motions. 

Now,  whoever  can  imagine,  that  these  countless 
groups  of  stars,  of  which  possibly  not  one  in  a  thou- 
_    sand  was  ever  seen  by  the  naked  eye,  were  only  de- 
^    signed  as  glittering  spangles,  to  adorn  the  vaulted  roof 
,      of  the  heavens,  or  to  answer  the  purpose  of  sending  a 
-     fciim  glimmering  light  to  our  diminutive  tenement, 
^     must  also  be  weak  enough  to  believe,  that  infinite 
wisdom  has  done  much  in  vain:  when  a  single  addi- 
ijoiiul  moon  would  have  given  us  a  thousand  times 
more  liglit,  than  is  derived  from  their  united  efful- 
gence. The  astronomer,  who  sees  that  the  planets  and 
moons  which  belong  to  our  system,  are  opake  and  solid 
globes  like  our  earth;  some  bigger  and  some  less,  ca- 
pable of  supporting  animals  and  vegetables,  and  fur- 
nished whh  the  regular  returns  of  day  and  night,  heat 
and  cold,  and  all  the  variety  of  seasons,  that  we  enjov; 
must  necessarily  conclude,  thai  dicy  were  made  for  simi- 
lar purposes,  and  that  they  could  not  have  been  design- 
ed merely  for  the  accommodation  of  the  human  race, 
the  greater  number  of  them  being  absolutely  invisi- 
Wc  without  a  telescope.  What  an  august  and  enlarged 
conception  docs  this  thouirht  give  of  the  works  of  the 
Creator!  Thousands  and  thousands  of  central  suns, 
multiplied  without  end,  dispensing  their  light  and  heat 
to  ten  thousand  times  tcu  tJiousaud  revolving  worlds. 
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ffcoijled  uitli  nijriads  of  intelligent  creatures,  aIld^ 
bigned  for  hii  endless  progression  in  knowledge  and 
happiness!  and  how  great,  liow  wise  and  good 
He  be,  %vho  made  and  governs  the  whole,  and  who 
continues,  from  day  to  day,  to  dispense  the  effects  irf 
his  benignity  and  love  to  the  remotest  comers  of  his 
creation! 

Although,  to  persons  unacquainted  with  astronomj, 
many  of  our  conclusions  concerning  the  magniiudot 
distances  and  astonishing  velocities  of  the  heavenlj' 
bodies,  appear  no  better  ihaji  improbable  conjectures 
while  they  are  ignorant  of  the  mediods,  by  which  wc 
arrive  at  the  knowledge  of  these  matters;  yet  wc  m 
able  to  give  the  most  satisfactory  demonstratioDs  of 
their  truth  and  certainty. 

The  great  Author  of  nature  has  chosen  to  support 
;uid  continue  the  beautiful  economy  of  the  univcnc 
by  the  operation  of  second  causes,  under  the  super- 
intendence of  his  iUmighty  power;  and  for  this  pur- 
pose he  has  endowed  all  matter  with  an  attraclivL 
quality,  which  increases  in  strength  with  the  quantiiv 
of  matter  in  evcrj-  body,  and  decreases  with  die  square 
of  their  distances  from  each  other.  The  sun,  the  great- 
est body  in  our  system,  is,  of  consequence,  posseaed 
of  the  largest  share  of  this  attractive  power,  so  that  aU 
the  planets  are  entirely  subject  to  his  superior  inllueDce. 
Had  this  power  been  left  unbalanced  by  another,  the 
sun  would  have  soon  attracted  all  the  odier  bodies  of 
the  system  to  himself,  but  it  is  wisely  counteracWl 
by  another  of  equal  efficacy,  namely,  a  projectile  foree, 
which  every  planet  received,  when  it  was  lanixlicd 
from  the  almighty  hand,  through  the  regions  of  spice, 
in  a  direction  oblique  to  the  central  attraction.  So  thai 
by  tl)e  joint  influence  of  these  tivo  opposing  fonx^ 
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the  plaiicl  can  neither  fall  into  the  central  body,  nor 
fty  off  entirely  from  it;  but,  like  a  stone  whirled  aboil*  J 
in  a  sling,  it  must  circulate  round  its  center  of  mdM 
tion. 

In  this  manner  the  EUn,  in  the  center,  gives  light 
and  heat  and  circular  motion  to  his  attending  planets 
and  comets,  which  revolve  round  him  at  different  dis- 
tances, and  in  different  periods  proportioned  to  the 
largeness  of  the  orbits  which  they  describe,  in  the 
following  order:  Mercury,  Venus,  the  Earth,  Mars, 
Jupiter,  Saturn,  and  Herschel;  which  all  revolve  from 
west  to  cast.  The  earth  is  attended  in  her  annual 
course  round  the  sun,  by  her  satellite,  the  moon, 
which  regards  her  as  the  center  of  her  motion;  ivhile 
Jupiter  is  attended  by  four,  Saturn  by  seven,  and 
Herschel  by  six  satellites  already  discovered.  All  these 
revolve  from  west  to  east,  in  the  same  direction  widi 
their  primaries;  except  the  satellites  of  Herschel, 
whose  orbits  are  nearly  at  right  angles  with  that  of 
their  primarj'. 

Besides  these  planets,  with  their  secondaries,  there 
is  another  class  of  wandering  bodies,  denominated 
comets,  which  belong  to  the  sohu"  system,  and  are 
obedient  to  the  attractive  influence  of  the  sun;  which 
revolve  round  him,  in  all  directions,  in  verj'  eccentric 
orbits,  and  in  protracted  periods.  These  were  anciently 
accounted  onlv  floating  meteors  in  our  atmosphere, 
and  dangerous  intruders  upon  the  simplicity  of  the 
planetary  system;  until  the  more  accurate  observations 
of  the  modern  astronomers  have  assigned  them  a  place 
ID  the  solar  svstem,  and  laid  a  foundation  for  calcula- 
ting their  periodical  returns.  Their  theory  is  however 
but  little  known,  and  the  periods  of  only  tliree  or  four 
of  them  have  Iwcn  attempted  by  calculation;  although, 
from  their  very  different  courses  among  the  fixed  stars, 


I 
I 
I 


I 


404 
we  have  reason  to  believe,  that  they  are  vastly  mutt 
numerous  than  the  planets.  Nor  need  \vc  wondtrH 
this,  when  we  consider  the  great  number  of  yean  re- 
quisitu  for  the  performance  of  their  extensive  circuiB, 
and  the  immeasurable  distances  to  which  some  d 
them  fly  off  from  the  sun,  when  tliey  become  invi&iUt 
through  the  best  telescopes;  the  iincertuinty  of  ihor 
proximity  to  other  systems  at  the  extremities  of  tbei 
orbits,  and  the  variety  of  causes,  thut  may  either  ac- 
celerate their  motions,  or  protract  their  periodical  » 
turns. 

This  is  the  true  position  of  the  bodies,  which  com- 
pose the  solar  system;  which  was  first  taugbl  bf 
Pythagoras,  and  after  being  disallowed  or  neglected 
for  many  centuries,  was  again  revived  by  Copemicii^ 
an  ecclesiastic  of  Polish  Prussia,  and  finally  demoo- 
strated  to  be  perfectly  conformable  to  all  the  celesiul 
phenomena,  on  mathematical  principles,  by  the  im- 
mortal Sir  Isaac  Neuioii;  and  therefore,  since  hii 
time,  adopted  by  every  astronomer  in  the  world,  who 
is  even  but  moderately  acquainted  with  the  subject* 

Other  positions  indeed  have  been  assigned  to  the 
planets  of  our  system,  by  Ptolemy,  an  ligyptian  astro- 
nomer, who  flourished  about  the  HOth  year  of  the 
christian  era;  and  who  suppoiied  the  earth  to  be  pUced 
in  the  center  of  the  universe,  and  that  all  the  heavenly 
bodies  moved  round  it  from  cast  to  west  in  24  hoursi 
in  the  following  order: — the  moon.  Mercury,  VeraiSi 
the  sun,  Mars,  Jupiter,  and  Saturn;  then  the  stars,  and 
beyond  them,  his  figment  of  the  primum  tnobilc, 
which  he  supposed  gave  motion  to  all  the  rest.  He 
knew  nothing  of  Hcrschtl  or  the  comets. 

Tycho  Brache,  a  noble  Danish  astronomer,  sup- 
posed, with  Ptolemy,  that  the  earth  was  placed  intbc 
center  of  the  universe;  and  that  the  moon,  and  sun,  ml 
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i>tars,  revolved  round  it,  from  east  to  west  in  24  hoprs; 
but  he  differed  from  Ptolemy  in  this,  that  he  supposed 
»  the  sun  to  be  the  center  of  motion  to  Mercury,  Venus, 
Miu-s,  Jupiter,  and  Saturn,  which  he  carried  with  him 
round  the  earth.  The  semi-tychonic  system  gave  a 
motion  to  the  earth  round  her  axis  in  24  hours  from 
west  to  east,  instead  of  the  diurnal  motion  of  the  sun 
qaoon  and  stars  in  the  same  time.  But  both  these  hy- 
potheses were  found  to  be  so  contrary  to  the  plainest 
phenomena  of  the  heavenly  motions,  that  they  gave 
way  to  the  force  of  demonstration,  which  attended  the 
pjthagorean  hypothesis,  in  the  hands  of  the  incompa- 
tible Newton.  If  this  hypothesis,  which  commonly 
passes  under  the  name  of  the  copernican  system,  he 
found  to  be  perfectly  correspondent  to  all  the  plieno- 
tncna  of  the  heavenly  motions,  we  may  safely  conclude, 
tliat  it  is  the  only  true  hypothesis,  especially  if  no  other 
hypothesis  be  found  sufficient  for  the  same  purpose. 
And  this  we  trust  will  evidently  apjrear  in  the  course 
of  the  following  lectures. 

Before  we  enter  upon  the  enumeration  of  these  phe- 
nomena, it  will  be  iieccssary  to  explain  some  terms, 
ihat  frequently  occur  in  this  science. 

The  axis  of  a  globe  is  any  line  which  passes  through 
its  center,  and  the  terminations  of  this  line  at  the  sur- 
face of  tlie  globe  are  called  its  poles;  the  same  points 
are  also  called  the  poles  of  a  great  circle  surround- 
ing the  globe,  when  every  part  of  the  circle  is  equally 
distant  from  the  said  points;  and  consequently  every 
great  circle  divides  the  globe  into  two  equal  parts. 
The  same  points  are  likewise  the  poles  of  a  lesser  circle 
of  the  globe,  which  divides  it  into  two  unequal  part; 
and  consequendy  one  pole  will  be  nearer  to  the  cir. 
cumference  of  the  circle  than  the  other,  although 
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pan  of  tlic  circumference  is  nearer  to  the  pole  liaii 
another. 

Every  circle,  whether  large  or  smalt,  is  suppoied 
to  be  divided  into  360  equal  parts,  which  are  called 
degrees,  each  degree  into  60  equal  parts  called  n* 
mites,  and  each  minute  into  60  seconds,  and  so  m 
in  a  sixagesimal  division  as  far  as  you  please. 

If  the  earth  be  supposed  to  turn  round  upon  ■ 
axis,  this  axis  is  called  the  axis  of  the  world,  and  to 
terminations,  when  produced  to  the  fixed  stars,  arc 
called  the  north  and  south  poles  of  the  world.  Tim 
great  circle  whicli  is  every  where  90  degrees  from  the 
poles  of  the  earth  is  called  its  equator;  and  if  its  plane 
be  supposed  to  be  extended  to  the  concave  surface  of 
the  heavens,  it  will  mark  the  circle  which  is  called  die 
celestial  equator. 

The  sun,  in  his  apparent  annual  course  in  ife 
heavens,  describes  another  circle,  denominatnl  iUc 
ecliptic,  which  is  not  coincident  with  the  celestial 
equator,  and  consequently  cuts  it  in  two  opposiitc 
points,  called  the  equinoctial  points;  and  tlie  other 
two  points  of  this  circle,  which  are  each  90  degites 
distant  from  the  former,  are  called  the  solstitial  pointi 
of  the  ecliptic.  The  planes  of  these  two  circles  in 
the  heavens  arc  inclined  to  each  other  in  an  angle 
of  about  23"  28',  which  is  called  tlie  obliquity  d 
the  ecliptic  to  the  equator.  This  angle  is  meastirnJ 
on  the  surface  of  the  globe  by  the  number  of  degree 
of  a  great  circle  intercepted  between  the  pole  of  tbe 
ecliptic  and  that  of  the  equator,  which  circle  of  the 
globe  is  known  by  the  name  of  the  solstitial  colurc- 
It  cuts  both  the  ecliptic  and  equator  at  00  dcgros 
distance  from  their  intersections  at  the  equtnoctitl 
(joints;  and  is  cut  at  right  angles,  in  the  poles,  by  the 
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oquinoctial  colure,  wluch  is  anodicr  great  circle  passr 
ing  through  the  poles  of  the  ecliptic  and  cutting  the 
equator  and  ecliptic  at  their  intersections. 

The  ecliptic  in  the  heavens  is  supposed  by  astrono- 
mers to  be  dinded  into  twelve  equal  parts  called 
signs,  beginning  at  the  pouit  of  its  intersection  with 
the  equator  and  proceeding  eastward,  each  sign  con- 
taining thirty  degrees;  to  which  porticms  they  have 
affixed  the  following  names,  in  order,  viz.  Aries, 
Taurus,  Gemini,  Cancer,  Leo,  Vii^,  Libra,  Scor- 
pio, Sagittarius,  Capricornus,  Aquarius,  Pisces. 

If  two  small  circles  of  the  globe  were  supposed  to 
be  drawn  parallel  to  the  ecliptic  at  the  distance  of 
eight  degrees  on  each  side  of  the  ecliptic,  the  space 
comprehended  between  them  is  called  the  zodiac  in 
the  heavens;  which  broad  space  comprehends  the  or- 
bits of  all  the  planets,  together  with  all  the  stars  in 
the  twelve  signs  of  the  ecliptic  above  mentioned.  The 
reason  of  the  above  denominations,  we  may  compre- 
hend, in  the  following  manner.  When  the  ancient  as- 
tronomers had  marked,  on  the  surface  of  an  artificial 
^obe,  the  position  of  the  stars,  as  they  appeared  in  the 
heavens,  with  their  relative  distances  from  each  other; 
they  delineated  over  them  the  figures  of  various  ani- 
mals, persons,  and  things;  and  the  stars  that  were 
covered  by  these  figures,  were  said  to  belong  to  that 
constellation,  which  bore  the  name  of  the  person  or 
ammal  painted  upon  them.  Thus  all  the  stars,  from  the 
intersection  of  the  ecliptic  and  equator,  eastward,  for 
thirty  degrees,  and  lying  within  eight  degrees  on  each 
side  of  it,  were  said  to  belong  to  the  constellation 
Aries;  as  the  figure  of  the  ram,  on  the  globe,  was 
drawn  of  that  size;  and  so  of  the  rest,  quite  round 
the  heavens  to  Aries  again.  Thus  they  gave  arbitrary 


I 


108 
niimcs  to  various  ussemblages  of  stars  bvcr  the  wh^ 
face  of  the  heavens,  according  as  their  fancies  bad 
dictated  tlif  various  figures,  which  they  had  pairted 
over  tlie  corresjjonding  places  of  the  stars  on  the  sur- 
faces of  their  celestial  globes. 

The  space  of  eight  degrees  on  each  side  of  tJK 
ecliptic,  called  the  zodiac,  from  the  animals  whost 
names  the  ronstcllations  bear,  comprehends  the  appfr 
rent  paihs  or  orbits  of  all' the  planets,  so  that  noncrf 
them  were  ever  observed  to  be  farther  north  or  sotiA 
of  the  ecliptic.  Their  courses  through  the  heavens  «f 
all  different  from  one  another,  each  differing  more  or 
less  from  the  ecliptic,  which  is  the  orbit  of  the  eaflfi 
round  the  sun,  and  which  is  made  the  standard,  uMl 
which  the  others  are  compqrcd. 

As  none  of  the  orbits  of  the  planets  are  coinctdoit 
with  the  ecliptic,  they  will  intersect  it  in  two  oppcnitt 
points  which  are  called  the  nodes.  One  half  thereRfC 
of  the  orbit  of  a  planet  will  lie  to  the  north  of  tM 
ecliptic,  and  the  other  half  to  the  south  of  it. 

That  point  of  a  planet's  orbit,  where  it  begins  to 
appear  north  of  the  ecliptic,  is  called  the  ascending 
node,  and  the  opposite  point,  in  which  it  begins  to 
api>ear  to  the  south  of  the  ecliptic,  is  denominated  the 
descending  node  of  the  planet, 

If  two  small  circles  be  drawn  parallel  to  the  eninwr 
at  the  distance  of  ■23''  28'  from  it,  on  both  sides  of  it, 
they  are  called  the  tropics  of  Cancer  and  Capricorn; 
because  they  will  touch  the  ecliptic  at  the  beginirii^ 
of  these  signs:  the  space  between  them  is  called  ifc 
torrid  zone. 

If  two  small  circles  be  drawn  parallel  to  the  equator 
'23''  28'  from  either  pole,  they  are  called  the  arctic,  and 
antarctic  circles;  and  the  spaces  comprehended  be- 
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tween  them  and  the  poles  are  called  the  I'rigid  zones; 
while  the  spaces  between  these  and  the  tropics  are 
called  the  temperate  zones. 

Any  great  circle  of  the  ^obe,  thut  passes  tlirough 
the  poles  of  another  great  circle,  is  called  a  secondary 
to  it. 

The  secondaries  of  the  equator  on  the  surface  of  the 
earth  serve  to  determine  the  latitude  of  a  place,  which 
is  counted  upon  ii  both  ways  from  the  e(]uator  to  the 
poles;  but  in  the  heavens,  they  serve  to  determine  the 
declination  of  a  star,  which  is  counted  the  same  way; 
and  these  secondaries  are  denominated  meridians. 

The  secondaries  of  the  ecliptic,  in  the  heavens,  serve 
to  determine  the  latitude  of  a  star,  which  is  counted 
both  ways  from  the  ecliptic  towards  its  poles. 

The  longitude  of  a  heavenly  body  is  counted  on  the 
ecliptic  from  the  first  point  of  Aeries;  but  the  longi- 
tude of  a  place  on  the  earth  is  counted  on  the  equator 
from  some  first  meridian.  The  right  ascension  of  a 
heavenly  body  is  also  counted  on  the  equator  from  the 
first  point  of  Aries.  So  that  the  right  ascension  and 
declination  of  a  celestial  body  are  counted  the  same 
way  with  the  longitude  and  latitude  of  a  place  on  the 
earth;  while  the  longitude  and  latitude  of  a  celestial 
btxly  are  referred  to  the  ecliptic. 

That  circle  which  bounds  the  view  of  a  spectator 
on  the  surface  of  the  earth  is  denominated  his  sensible 
horizon,  and  is  a  tangent  to  the  earth  at  the  place  of 
the  spectator;  when  the  plane  of  the  horizon  is  ex- 
tended to  the  fixed  stars  it  coincides  with  his  rational 
horizon,  uhich  passes  through  the  center  of  the  earth, 
and  is  parallel  to  the  former. 

The   secondaries  of  the   horizon  are   called  azi- 
muth circles,  or  vertical  circles;  and  that  which  passes 
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through  the  east  and  west  points  of  the  harizon  is  call- 
ed the  prime  vertical,  while  that  which  passes  through 
the  north  and  south  points  of  it  is  called  the  meridian. 
All  these  secondaries  of  the  horizon  pass  through  the 
zenith  and  nadir,  which  are  two  points,  directly  over 
the  head  and  under  the  feet  of  the  spectator. 

The  foregoing  explications  being  given,  we  now  pro- 
ceed to  consider  the  orbits,  nodes,  distances  and  pe- 
riods of  the  planets,  which  are  represented  in  the  fol- 
lowing table. 
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THE  Sl'K, 

The  sun,  being  by  far  the  largest  body  belonging 
to  our  system,  must  necessarily  possess  the  center,  and 
by  its  superior  attraction,  regulate  all  the  motions  of 
the  planets  and  comets.  It  would  require  1,38.  ,47D 
globes,  each  as  large  as  our  earth,  to  be  moulded  to- 
gether, to  form  one  as  large  as  the  sun.  We  are  not 
however  to  suppose  that  he  invariably  occupies  tht 
Siime  point  of  space,  so  as  never  to  move  out  of  it 
While  the  planets  and  comets  move  round  him,  be 
moves  round  the  common  cenltr  of  the  solar  system, 
which  however  is  not  far  from  his  center;  because  be 
is  so  much  greater  than  all  the  bodies  together,  which 
move  round  the  same  center  of  gravity.  Hence  in  com- 
mon language  ive  generally  say  that  the  planets  move 
round  the  sun,  at  the  center  of  the  system;  when,  in 
strictness  of  speech,  lioth  they  and  the  sun  revolte 
round  one  common  center  of  gravity;  which  is,  how- 
ever, not  so  fiir  from  his  center  as  to  his  surface,  ind 
which  must  vary  its  distance  from  his  center  conti- 
nually, according  to  the  positions  of  the  planets  and 
comets  from  him. 

In  estimating  the  magnitude  of  the  sun,  I  have  con- 
•jidered  it  as  a  globe,  although  to  the  naked  eye,  and 
even  through  a  good  telescope,  it  appears  but  a  circu- 
lar plane.  We  arrive  at  the  certainty  of  its  globular 
figure  from  the  appearance  and  motion  of  the  spots 
which  are  often  seen  by  a  telescope  upon  his  surface. 
They  all  have  a  regultir  motion  across  his  disk  from 
east  to  west,  moving  slowly  when  ihcy  first  appear  on 
the  eastern  edge,  and  gradually  quickening  their  velo- 
city as  they  approach  the  center,  and  then  growiDg 
bloivcr  as  thev  come  near  to  tlic  place  of  th 
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pearance  on  the  wfratern  limb.  Besides  this,  every  spot 
appears  broadest  about  the  middle  of  its  passage  over  i 
tfie  disk,  and  narrowest  towards  tlie  edges,  althou^  i 
jt  still  preserves  the  same  length.  Now  these  are  the 
appearances,  which  should  necessarily  take  place,  upon 
the  supposition  of  the  globular  figure  of  the  sun,  and 
of  there  being  ihin  broiiU  substances  adhering  to  his 
Hurface,  or  floating  in  his  atmosphere  near  to  his  body; 
and  therefore  they  warrant  our  conclusion  that  the  suji 
is  tiot  a  luminous  plane,  but  a  solid  sphere.  After  these 
^>ots  have  passed  over  the  disk  of  die  sun,  they  dis- 
appear for  the  same  time,  which  they  spent  in  passing, 
tUfd  many  of  them  reappear  in  the  same  place,  and 
pass  over  him  in  the  same  manner  as  they  did  before. 
Xhishas  enabled  ^s  also,  to  know,  not  only  that  he 
h^^  a  rotation  round  his  own  axis,  but  also  the  time 
pf  tUis  rotation,  which  is  accomplished  in  about  25**, 
15 'i  16',  from  a  fixed  star  to  the  same  again. 

It  was  found,  from  the  mean  of  a  number  of  obser- 
vations, that  the  solar  spots  return  to  the  same  place 
■gain,  after  2~',  12'',  20',  but  in  that  time  the  earth 
bad  moved  the  same  way  in  her  orbit  26°,  22',  there- 
for«  say  as  360"+26°,  22=386",  22' :  360":  :27S  12^ 
BO',  :25'',  15',  16',  the  true  time  of  the  sun's  rota- 
tion on  his  axis,  as  it  would  be  seen  from  a  fixed  star. 
The  observations  above  referred  to,  were  made  in  the 
month  of  May,  when  the  paths  of  the  spots  over  the 
sun's  disk  were  nearly  in  a  right  line. 

By  observations  on  the  apparent  paths  of  the  solar 
spots,  astronomers  have  also  found,  that  the  sun's 
equator  is  not  coincident  with  the  ecliptic,  but  is  in- 
clined to  it  in  an  angle  of  7°,  30',  and  that  it  cuts  the 
ecliptic  in  the  eighth  degree  of  Gemini  and  Sagittary, 
which  are  therefore  called  the  sun's  nodes.  When  thf 
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earth  is  in  either  of  Uksc  nodes,  die  sud'&  equator,  it 
visible,  would  appear  to  be  a  straight  line.  Tbeanh, 
in  the  present  ccnturj-  is  in  the  8th  degree  of  SagiBuy 
on  the  18th  of  Maj-,  and  in  the  other  node  on  the  WA 
of  November.  From  the  18lh  of  May,  the  6un's«pB> 
tor  begins  to  appear  as  a  scmi-cllipsis,  convex  towai^ 
the  south  pole,  till  the  20th  of  August,  when  thcd- 
Upsis  is  nidest;  from  that  time  it  grow-s  narrower,  tl 
the  ellipsis  degenerates  into  a  straight  line  on  the  IM 
of  November.  After  this  time  the  solar  equator  bfr 
comes  convex  ton'ards  the  north  pole,  with  an  incm- 
iiing  curvature  till  the  15th  of  Februarj-,  when  the 
curvature  is  greatest,  and  then  it  grows  less  again  ti 
the  18th  of  May. 

As  all  the  solar  sjxjts  are  carried  round  him  in  df- 
cles  parallel  to  his  equator,  their  apparent  paths  ow 
his  disk  will  be  right  lines  in  May  and  Noreabo^ 
when  the  earth  is  in  one  of  the  nodes,  and  in  all  olte 
months,  they  wiU  be  elliptic  curves. 

The  spots  that  appear  on  the  face  of  the  sun  srebjf 
no  means  permanent;  few  of  them  continuing  during 
the  time  of  a  complete  revolution;  some  appearing  oo 
the  eastern  edge  of  the  sun  and  vanishing  in  >  fr* 
days,  others  arising  near  the  middlt  of  the  di&k,  wbik 
others  split  and  divide  into  a  number;  and  on  iheoos- 
trary  many  contiguous  spots  have  been  observed  tl 
run  together,  and  form  one  of  larger  diraetniooi 
Many  have  been  measured,  whose  diameters  toTC  ' 
been  found  to  be  three  or  four  times  the  diametef  of 
the  earth.  All  these  spots  contain  a  nucleus  of  v^tous 
figures  and  dimensions,  intensely  black,  and  surround- 
ed with  an  infinite  number  of  small  specks,  each  as 
black  as  the  neucleus,  but  verj-  small,  separate  isi 
distinct  6rom  each  other,  resembling  black  sand  diinfir 
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^read  over  a  sheet  of  white  paper,  when  viewed 
through  a  good  telescope,  and  in  a  good  state  of  the 
air.  When  they  are  viewed  in  an  unfavourable  state  of 
the  air,  these  small  specks  appear  confused,  and  like 
a  darkish  penumbra  surrounding  the  central  spot,  as 
tliey  are  generally  described  by  the  European  astrono- 
mers. But  the  purity  of  the  American  air  has  disco- 
vered to  us,  that,  what  they  call  a  penumbra,  is  really 
composed  of  an  infinitude  of  very  small,  distinct, 
specks,  each  as  intensely  black  as  the  central  spot. 

Various  hypotheses  have  been  framed  by  ingenious 
astronomers  to  account  for  the  phenomena  of  the  solar 
spots,  but  as  they  are  mere  hypotheses,  unsupported 
by  proofs  of  any  kind,  I  shall  not  trouble  you  witli 
the  recital  of  any  of  them. 

A  faint  ring  of  light  has  been  observed  to  surround 
the  sun,  in  the  time  of  a  total  eclipse,  and  to  follow 
him;  which  makes  it  probable,  that  he  has  an  atmos- 
phere, which  is  the  cause  of  that  appearance. 

Although  the  sun  appears  to  pursue  the  same  course 
among  the  fixed  stars  from  year  to  year,  yet  he  appears 
to  us  to  have  a  much  greater  meridian  altitude  at  one 
time  than  at  another;  but  this  arises  entirely  from  the 
motion  of  the  earth  and  the  situation  of  her  axis;  as 
^ve  shall  hereafter  see. 

MERCURY. 

Mercury  is  the  nearest  of  our  planets  to  the  sun 
which  we  have  yet  discovered;  but  being  seldom 
seen,  and  no  spots  appearing  upon  his  face,  it  is  not 
known  whether  he  has  any  rotation  on  his  axis,  or 
how  he  may  be  situate.  But,  if  we  reason  from  analogy, 
it  is  probable  that  he  has  the  regular  returns  of  day 
and  night,  of  summer  and  mnter,  and  all  the  other 


seasons  of  the  year.  We  know  that  his  orbit  isiiicliMd 
to  the  ecliptic  in  an  angle  of  6°,  59',  20",  which  wnj 
make  an  alteration  of  the  sun's  meridian  altitude  if 
his  axis  be  inclined  to  the  ecliptic.  In  his  course  rocnl 
the  sun  he  moves  at  the  rate  of  95,000  miles  c*c7 
hour,  which  is  near  200  times  as  quick  as  a  cauDon 
ball.  As  he  is  but  36,841,468  miles  distant  from  the 
sun,  and  we  are  distant  95,173,117  miles  from  the 
source  of  light  and  day,  he  must  receive  near  scva 
times  as  much  light  from  the  sun  as  we  receire;  the 
quantity  of  light  being  as  the  squares  of  the  distances 
inversely.  And  although  his  heat  from  the  sun  should 
exceed  ours  in  the  same  proportion,  yet  this  wodf 
furnish  no  argument  against  his  being  inhabited,  »it 
is  as  easy  for  the  Almighty  to  suit  the  constitution 
of  his  inhabitants  to  that  degree  of  heat,  as  it  wasw 
accommodate  ours  to  the  temperature  of  our  earth. 
Mercury  appears  to  us,  through  a  good  telescopr, 
when  viewed  at  different  times,  with  all  the  pluses  of 
the  moon,  save  only  that  he  never  appears  round  and 
full;  because  when  he  should  appear  in  this  manner, 
he  is  so  near  to  the  sun  as  to  be  lost  in  his  superior 
splendour.  As  his  enlightened  side  is  alwav&tumai 
towards  the  sun,  this  proves  that  he  shines  not  by  any 
inherent  tight  of  his  own,  but  by  the  light  of  the  sun, 
reflected  from  his  surface.  And  that  he  moves  round 
the  sun,  in  an  orbit,  included  within  the  orbit  of  4e 
earth,  or  at  least  in  an  orbit  of  less  radius,  is  pfaJn, 
from  his  never  having  been  seen  in  opposition  to  the 
sun,  nor  even  more  than  about  23"  degrees  from  Iwn, 
either  to  the  east  or  west  of  him,  which  is  stvlcd  hv» 
greatest  elongation.  And  besides  this,  he  is  somctimo 
seen  on  the  face  of  the  sun  like  a  round  dark  spoi, 
SThere  he  never  could  be  seen,  if  he  did  not  rev   "" 
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ill  an  orbit  included  by  the  orbit  of  the  earth,  or  if  he 
had  any  inherent  light.  If  he  shone  with  an  inbqrent 
light  he  could  not  be  distinguished  from  the  bright 
disk  of  the  sun,  .when  upon  it,  and  could  not  be  seen, 
like  a  dark  spot  upon  his  face. 

These  particulars  might  be  easily  exemplified  in 
the  following  manner.  Let  any  person  carry  a  ball 
suspended  by  a  string  round  a  lighted  candle,  with  a 
slow  and  regular  motion;  and  let  a  spectator,  placed  at 
the  distance  of  three  or  four  yards,  view  the  part  of 
the  surface  that  is  enlightened  by  the  direct  rays  of  the 
candle,  and  he  will  then  observe  it,  in  different  posi- 
tions, to  assume  the  different  phases  of  the  moon. 
When  the  ball  is  between  the  spectator's  eye  and  the 
^candle,  it  will  appear  dark,  as  no  part  of  the  enlight- 
ened disk  is  turned  towards  his  eve;  but  when  it  is 
opposite  to  the  candle  and  beyond  it,  the  enlightened 
disk  or  hemisphere  is  turned  both  to  him  and  to  the 
candle,  and  therefore  it  will  in  this  positioil  appear  like 
the  full  moon.  Nearly  in  the  middle  between  these 
positions  on  each  side,  only  one  half  of  the  enlightened 
surface  is  then  turned  to  the  spectator;  and  therefore 
tlic  ball  will  appear  like  the  moon  in  her  quadratures. 
But  in  every  other  position  between  these,  it  will  ap- 
pear more  or  less  horned  or  gibbous.  If  tliis  experi- 
ment be  made  with  a  flat  plate,  it  can  never  be  made 
to  appear  horned  or  gibbous,  in  any  position  what- 
ever. If  the  spectator  remove  to  a  considerable  dis- 
tance, he  will  observe  the  following  appearances.  The 
ball  will  seem  to  him  to  vibrate  backwards  and  for- 
wards on  each  side  of  the  candle  in  a  right  line,  mov- 
ing quickest  when  it  is  between  his  eye  and  the  can- 
dle, and  slower  when  beyond  it;  and  at  the  greatest 
elongations  on  eidier  side,  it  will  appear  st;itionary  for 
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a  small  time;  spending  more  time  in  passing  from  one 
of  these  stations  to  the  other,  while  it  passes  beycHid 
the  candle,  than  while  it  passes  between  the  spectator 
and  the  candle;  pro%  ided  still,  that  the  eye,  the  candk 
and  the  ball  be  kept  in  the  same  plane;  and  that  the  ball 
move  with  a  uniform  and  equable  velocity.  The  ball  will 
appear  to  mo\-e  from  the  right  hand  to  the  left  in  kss 
or  more  time  than  in  the  contrary  direction,  accord- 
ing as  it  is  between  the  eye  and  the  candle,  or  beyond 
it;  although  in  every  revolution  it  will  appear  to  recede 
to  the  same  distance,  on  each  side  of  it. 

But  if  the  boll  be  carried  round  the  candk  bin 
ellipsis,  instead  of  a  circle,  and  the  candle  be  pbccd 
in  one  of  the  focu  the  stationary  points,  at  which  the 
progressi\'e  and  retrograde  motions  succeed  each  odxr, 
will  be  at  difierent  distances  from  the  candle,  nnlesi 
the  eve  and  the  candle  both  lie  in  one  of  the  axes. 
Now  -jdl  these  appearances  take  place  in  the 
of  Morcun-  round  the  sun,  and  are  precisehr 
as  they  should  be,  upon  the  supposition  <^  its  being 
an  opake  globe  revolving  round  the  son  in  an  orfak 
included  within  the  orbit  of  the  earth.  Hence  we  con- 
clude, that  thi:>  is  the  figure  and  position  of  hisivfait 

\Vhen  Mercunk  b  between  the  sun  and  the  art, 
he  is  said  to  be  in  hb  inferior  conjunction^  and  iaka 
superior  conjunction,  when  he  is  beyond  the  qpt-  b 
each  of  these  positions  he  must  be  in  e^ery  itiuitiai 
so  that  he  has  two  conjunctions  with  the  son  and  at 
oppc^tion  in  each  apparent  revolution^  and  chn  iff^ 
rent  time  would  be  the  same  with  his  true  periodial 
tiice^  if  the  earth  were  at  rest.  But.  as  the  earth  b  wir- 
ing  the  same  way«  when  he  has  completed  he  period 
round  the  snn  as  viewed  from  a  fixed  scv  or  thr  en- 
ter of  the  sun,  cmmttd  from  the 
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conjunction,  the  earth  will  have  moved  near  a  quartfr 
of  her  orbit  forward,  su  that  it  will  require  an  additional 
time  to  overtake  it  and  be  again  in  its  inferior  con- 
junction. This  may  be  illusitratcd  by  the  conjunction 
of  the  two  hands  of  a  watch  or  clock,  which  always 
requires  more  time  dian  a  complete  revolution  of  the 
quicker. 

If  the  orbit  of  Mercury  were  coincident  with  the 
ecliptic,  Mercury,  at  every  inferior  conjunction,  would 
pass  over  the  face  of  the  sun,  and  be  seen  upon  it. 
But  his  orbit  is  inclined  to  it,  in  an  angle  of  near  seven 
degrees,  and  cuts  it  in  the  14th  degrees  of  Taurus  and 
Scorpio,  in  which  places  the  earth  is  about  the  4th  of 
May  and  the  Gth  of  November.  Should  an  uiferior 
conjunction  of  Mercury,  therefore,  happen  at  either  of 
these  times,  when  he  is  near  to  his  nodes,  and  the 
earth  is  in  or  near  to  the  plane  of  his  orbit.  Mercury 
will  then  appear  like  a  round  black  spot  on  the  face  of 
the  sun,  and  pass  over  it  from  east  to  west  in  a  few 
hours.  This  is  denominated  a  transit  of  Mercury.  As 
the  periodical  times  of  the  eaith  and  Mercury  arc 
nearly  commensurate,  and  Mercury's  motion  is  so 
quick,  tlicse  transits  frequently  happen.  We  caimot 
see  Mercury  on  the  sun,  at  his  next  transit,  on  the  4th 
of  May,  in  the  year  17S6,  as  it  will  be  over,  before  the 
sun  rises.  But  we  may  expect  to  see  him  transit,  on 
the  5th  of  November,  1789,  at  S*",  8',  8",  In  the  mor- 
ning. 

Mercury  is  seldom  seen  by  us,  because  he  is  gene- 
rally hid  in  the  rays  of  the  sun,  except  when  near  his 
greatest  elongation  from  the  sun,  when  a  line  from  the 
€arUi  to  him  becomes  a  tangent  to  his  orbit,  and  for  » 
few  evenings  or  mornings  about  that  time. 
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VENUS 

Venus  is  the  next  planet  in  order,  which  revolves 
rouncrUie  sun  from  west  to  cast,  moving  at  the  rate 
of  eightj^thousand  miles  per  hour,  and  performing  her 
periodical  revolution  in  224'^  16  ,  49,  at  the  distance 
of  68^891,486  miles  from  the  sun.  She  has  all  the 
phases  and  peculiarities  of  motion  which  wc  have  ob- 
served in  Mercury;  from  which  we  conclude,  in  the 
same  manner,  that  she  is  a  solid  globe,  shining  only 
with  borrowed  light  from  tlie  sun;  moving  in  an  orbit 
included  by  the  orbit  of  the  earth;  having  an  inferior 
and  superior  conjunction  with  the  sun,  but  no  oppo- 
sition; putting  on  all  the  phases  of  the  moon;  some- 
times appearing  on  the  east  side  of  the  sun,  when  she 
becomes  our  evening  star,  and  again,  on  the  west  side 
of  him,  when  she  is  our  morning  star;  being  each  for 
290  diiys  together;  appearing  stationary  between  her 
conjunctions,  at  her  eastern  and  western  elongatioos, 
when  she  is  distant  from  the  sun  about  48'';  and  pass- 
ing over  the  face  of  the  sun,  when  her  inferior  con- 
junction happens  about  the  time  when  she  is  in  her 
nodes,  that  is  about  14"  of  Gemini  and  Aquarius.* 
Her  transits  do  not  happen  so  frequently  as  tliose  of 
Mercury.  They  happen  in  the  months  of  Alay  and 
November,  when  the  earth  is  in  her  nodes,  and  gene- 
rally in  eight  years  after  one  transit,  wanting  two  days, 
there  will  be  another,  and  then  not  again  for  near  a 
century:  for  eight  years  contain  2922  days;  which  arc 


*  N.B.  The  place  of  the  descending  node  of  Venus  in  1786, 
Augast  25,  was  «»,  14^,  44',  38",  by  Mr.  BuRgc,  and  the  aiimial   * 
motion  of  the  nodes  is  30"  37.  The  inclination  of  her  orbit  > 

7r,'  38"  6. 


nearly  equal  to  thirteen  revolutions  of  V'emis,  or  2920 
daj  s.  Three  oiilv  have  yet  been  observed,  viz.  in  1639, 
1761,  1769,  and  the  next  will  be  seen  in  Nov.  1874; 
after  which  no  other  uill  happen  till  May  199(i,  and  in 
<'i!^ht  years  more  there  will  be  another  in  May  20U4. 

Th:it  her  orbit  includes  the  orbit  of  Mercviry  is 
tM'idcnt  from  this,  that  her  greatest  elongation  is  about 
■48",  whereas  that  of  Mercnry  is  but  about  23°. 

From  the  spots  observed  on  her  surface,  astrono- 
mers have  determined  her  rotation  round  her  axis 
to  be  performed  in  24  days  and  8  hours;  so  that  she 
has  but  91  days  in  her  year;  for  dividing  224''  16^,  by 
' '  24,''  S^,  the  quotient  Is  91  nearly.  This  quarter  of  a 
dav  will  make  every  fourth  year  a  leap  year  in  Venus, 
*  as  it  is  with  us,  which  will  be  more  fully  explained 
hereafter. 

Bj'  the  same  spots,  we  have  found  that  her  axis,  on 
which  her  diurnal  rotation  is  performed,  is  inclined 
to  the  axis  of  her  annual  orbit,  in  an  angle  of  75  de- 
grees, her  north  pole  inclining  to  the  20ih  degree  of 
Aquarius,  whereas  that  of  our  earth  inclines  to  the  first 
degree  of  Cancer.  This  will  make  her  summers  to  be  at 
the  same  time  with  our  winters,  and  vice  versa.  As  her 
axis  lies  almost  in  the  plane  of  her  orbit,  differing  from 
'St  only  15  degrees,  her  north  pole  going  foremost  in 
her  annual  course,  her  motion  resembles  that  of  a  ball 
shot  from  a  ritle,  which  has  a  rotatory  motion  round 
that  axis,  which  lies  iu  the  direction  of  its  motion. 
Hence  those  stars,  which  to  us  seem  to  have  the  .slowest 
motion,  appear  to  her  inhabitants  to  move  with  the 
greatest  velocity,  and  vice  versa,  her  norlli  pole  being 
but  a  few  degrees  out  of  the  ecliptic. 

As  the  sun  alters  his  declination  75  degrees  in  Ve- 
mis  north  and  south  of  her  equator,  her  tropics  must 


422 

be  within  1 3  degrees  of  her  poles,  and  her  poUr  circlet 
al  the  same  distance-  from  her  equator.  This  will  occi- 
sioii  a  remarkable  peculiarity  in  her  seasons.  Atlicr 
equator,  and  polar  circlcb,  there  will  be  two  spiiifi, 
two  summers,  two  autumns,  and  two  w^inters;  be- 
cause, when  the  sun  is  iit  her  tropics,  his  rays  will  be 
more  oblique  at  her  equator,  than  they  are  with  usm 
the  middle  of  winter,  which  will  occasion  a  winnr 
there  when  with  us  it  would  be  the  middle  of  snm- 
iner.  And  the  case  if»  nearly  the  same  at  her  polar  cr- 
cles.  At  her  poles,  there  is  one  spring  and  autuns^i 
summer  as  long  as  them  both,  anda  winter  as  long  is 
the  other  three  seasons.  The  difference  of  beat  lad 
cold  will  be  much  greater  in  Venus  at  her  poles,  dnn 
with  us,  as  the  sun  comes  within  1 5  degrees  of  tk 
zenith  and  is  again  75  degrees  below  the  horizoLAl 
there  are  but  Qi  days  in  her  year,  in  which  tiowAe 
sun  changes  his  declination  150  degrees,  if  he 
vertically  over  any  place  on  any  day,  he  will  jtm 
many  degrees  from  it  on  the  next,  which  will  give  tfce 
heated  regions  time  to  cool.  From  this  great  ctooge 
of  declination  in  the  course  of  a  single  day,  theloii|^- 
tude  may  be  as  easily  found  in  Venus,  as  the  latilMie 
is  with  us. 

That  Venus  is  surrounded  with  an  atmosphere  of 
considerable  density,  sufficient  to  refract  the  sun's  r^ 
was  very  evident  from  her  appearance,  at  her  tnicfial 
contact  with  the  limb  of  the  sun,  at  her  last  tniuib 
for  when  she  was  fully  advanced  upon  the  sun'sdli^ 
still  his  limb  did  not  appearquite  to  surround  hcr,fcra 
few  seconds,  until  her  atmosphere  also  advanced Rpoo 
him.  She  appeared  to  adhere  to  his  Umb  by  a  btock 
and  dark  ligament,  which  after  a  few  seconds  suddenly 
broke,  and  left  the  sun's  Umb  perfectly  bright,  nllB 
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I  tbat  part  of  her  atmosphere  passed  his  limb,  which 
I  was  dense  enough  to  refract  his  light. 
I  As  she  is  furnished  with  the  regular  returns  of  day 
and  night,  with  ail  the  variety  of  seasons,  and  an  atmos- 
[  phcre  for  the  support  of  animal  life,  she  is  probably 
,  designed  to  be  the  residence  of  living  creatures,  whose 
I  constitutions  are  adapted  to  the  temperature  of  their 
habitation. 

As  the  orbit  of  Venus  is  inclined  to  the  orbit  of  the 
earth  in  an  angle  of  3",  23  38",  she  would  appear  to  a 
spectator  at  the  center  of  the  sun,  to  be  in  the  ecliptic, 
when  she  was  at  her  node,  and  to  be  continuath  in- 
creasing her  distance  from  the  ecliptic,  until  she  arri\  ed 
at  her  limit,  or  90  degrees  from  her  node,  where  it 
would  amount  to  ri",  23',  5",  which  is  then  greatest; 
from  thence  it  would  decrease  again  till  it  vanished  at 
her  node.  The  like  appearances  would  take  place  in 
the  other  half  of  her  orbit.  These  variable  diiitances 
from  the  ecliptic,  being  measured  on  a  secondary  of 
the  ecliptic  are  called  her  heliocentric  latitudes,  when 
supposed  to  be  viewed  from  the  center  of  the  sun; 
but  the  same  arches  of  the  secondary,  when  viewed 
&om  the  center  of  the  earth,  are  called  her  geocen- 
tric latitudes,  and  must  appear  of  different  lengths, 
according  to  the  earth's  different  distances  from  Ve. 
nus.  The  same  difference  takes  place  between  the  he- 
liocentric and  geocentric  latitudes  of  any  other  planet. 
The  geocentric  latitude  of  a  planet  Uierefore  wiU  be 
continually  variable  on  two  accounts,  viz.  first,  it  will 
increase  or  decrease  directly,  with  the  heliocentric 
latitude;  and  secondly,  it  will  appear  greater  as  the 
■earth's  distance  from  the  planet  grows  less:  so  tliat  it 
will  be  directly  as  the  heliocentric  latitude,  and  in- 
versely as  the  earth's  distance  from  the  planet  When 
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Venus  is  in  her  inferior  conjunction  she  is  neara 
to  the  earth  than  she  is  to  the  sun,  and  therefore  her 
geocentric  latitude  will  then  be  greater  than  her  heli- 
ocentric latitude.  The  same  will  be  the  case  with  all 
the  superior  planets  at  their  oppositions.  But  when 
Mercury  is  in  his  inferior  conjunction,  he  is  still  nearer 
to  the  sun  than  he  is  to  the  earth,  and  therefore  his 
geocentric  latitude  at  that  time  will  be  less  than  his 
heliocentric  latitude;  and  the  same  will  be  the  case 
with  all  the  superior  planets  at  their  conjunctions  with 
the  sua. 

Venus  does  not  appear  brightest,  when  most  of  her 
enlightened  disk  is  tui^ied  towards  us.  Her  brightness 
depending  on  the  quantity  of  light  reflected  to  die  eye, 
and  this  quantity  being  direcUy  as  the  enlightened 
part  of  her  disk,  and  inversely  as  the  square  of  her 
distance  from  the  earth,  she  will  appear  brightest  when 
tliis  quantity  becomes  a  maximum. 

THUKAKTII. 

The  earth  on  which  we  live  is  the  next  planet  wluch 
revolves  round  the  sun  as  the  center  of  her  motion. 
She  revolves  from  west  to  cast  in  365^  6^  9  from  anv 
star  to  die  same  again,  at  the  distance  of  95,173,117 
miles  from  the  sun,  moving  at  the  rate  of  G8,217  miles 
every  hour  in  her  orbit,  which  is  nearly  150  times  as 
fast  as  a  cannon  ball.  The  plane  of  its  orbit,  called  the 
ecliptic,  we  make  the  standard  with  which  the  orbits  of 
die  other  planets  arc  compared.  Besides  her  annual  mo- 
tion in  her  orbit,  she  turns  round  en  her  axis  once  in 
every  23^'  56'  4\  which  produces  an  apparent  motion 
of  all  the  celestial  bodies  from  east  to  west  in  the  same 
time.  Her  axis  is  inclined  to  the  axis  of  her  orbit  io 
an  angle  of  23^  28'^  and  pouits  to  a  star,  nearly,  which 


|BSuaU)c:Ulcd  the  north  pole,andwhichi8  distant 

■  4he  pole  of  the  world  only  1°  45'  in  the  present  cetiturj-, 
A  secondary  of  the  ecliptic  passing  through  the  poli 
the  world,  passes  through  the  6rst  degree  of  Cancer; 
.  so  tliat  the  axis  of  the  earth  declines  towards  the  first 
degree  of  that  sign. 

PVom  the  two  motions  of  the  earth  on  lier  axis  and 
round  the  sun,  we  have  not  only  the  succession  of 
day  and  night,  but  al!>o  the  different  seasons  of  the 
year;  as  may  be  explained  in  the  following  manner. 

By  the  rotation  of  the  earth  on  her  axis  from  west 
1f>  east,  all  the  heavenly  bodies,  of  which  the  sun  is  one, 
appear  to  move  from  east  to  west,  and  every  appear- 
ance is  the  same,  whether  we  suppose  thut  the  sun  and 
stars  really  move  from  east  to  west,  while  the  earth  re- 
■lainb  quiescent,  or  tliat  the  sun  and  stars  remain  at  rest, 
while  the  earth  revolves  from  west  to  east  on  her  axis. 
If  we  suppose  a  broad  plane  touching  the  surface  of 
the  earth  where  we  are,  and  extending  to  the  con- 
cave heavens,  this  plane,  which  is  our  sensible  ho- 
rizon, will  divide  the  heavens  into  two  parts;  one 
half  of  the  heavenly  bodies  being  above  the  plane 
and  one  half  below  it.  Now  if  this  plane,  being  hxed 
to  the  surface  of  the  earth,  move  with  it  while  it  re- 
volves  from  west  to  east,  those  heavenly  bodies,  which 
^vere  below  it  towards  the  east,  will  gradually  rise  above 
it,  and  the  sun  among  the  rest;  while  those  that  were 
above  it  towards  the  west  will  gradually  sink  below  it. 
While  the  sun  is  above  the  horizon  it  is  day,  while 
below  it,  it  is  night.  In  this  manner  all  the  stiirs  appear 
to  go  round  the  earth  from  east  to  west,  in  JS*"  56'  4  , 
the  time  of  a  complete  rotation  of  the  earth  round 
her  axis.  The  sun  also  would  appear  to  go  round  in 
the  same  time,  if  he  kept  his  place  among  the  stars 
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without  variation.  But  this  is  not  the  case.  While  the 
earth  is  movijig  in  her  orbit  from  west  to  east,  about  a 
degree  every  day,  the  sun  will  appear  to  move  ovalhe 
same  bpace,  among  the  stars,  in  the  same  time.  ITjoa 
now  suppose  the  sun  and  any  particular  star  to  be  ele- 
vated at  tile  same  moment  above  the  horizon,  when  the 
earth  has  completed  one  rotation  on  her  axis,  tli 
same  star  will  ribc  again  above  the  horizon,  but  thesni 
will  not  rise  with  it;  because  in  the  mean  time  he  faM 
advanced  a  degree  farther  to  die  eastward,  and  h  wi 
require  3'  56'  of  time  over  and  above  a  complete  roo- 
tion  of  the  earth  to  overtake  the  sun  and  raise  hia 
above  the  horizon.  So  that  while  the  stars  require 
Sa*"  56'  4"  to  complete  their  apparent  involution,  the 
sun  requires  24  hours,  or  3'  56  more.  Hence  the 
stars  rise  so  much  sooner  every  night,  as  to  rise  36fi 
times  in  365  natural  days,  making  366  sidereal  dip 
in  the  year,  as  there  are  so  man)'  conijilcte  roUtkn 
of  the  earth  on  her  axis  in  the  course  of  a  year  CO- 
sisting  of  365  days.  This  is  the  diifcrence  bcwwi 
sidereal  and  solar  time. 

The  whole  of  this  may  be  illustrated  by  the  mo- 
tion of  the  hands  of  a  clock.  When  the  minute-hand 
had  completed  a  revolution,  it  would  overtake  the 
hour-hand,  if  it  had  no  motion;  but  this  hiiving  mpni 
fonvard,  in  the  time,  a  small  space  more  time  tham 
complete  revolution  is  necessary  to  bring  them  to- 
gether. 

As  the  motion  of  the  earth  on  her  axis  is  equaUc, 
we  derive  from  it  an  easy  and  certain  metliod  of  re- 
gulating our  clocks.  If  a  telescope  be  placed  in  tbf 
meridian — having  cross  hairs  in  the  focus,  then  ob- 
serving when  any  star  passes  the  middle  hair,  no»c 
the  time  by  the  clock,  and  if  it  be  found  to  ~ 
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me  hair,  on  the  succeeding  night  3'  56"  sooner  by  the 
clock,  the  clock  goes  regularly  and  is  well  adjusted.  If 
the  star  come  sooner  than  3'  56"  to  the  hair,  than  what  it 
did  the  night  before,  the  clock  loses  time;  but  if  later, 
she  goes  too  fast,  and  must  be  regulated  accordingly. 
And  eveu  without  a  telescope,  if  through  a  small  hole 
in  a  thin  plate  of  tin  fixed  to  a  post,  you  observe  the 
time  when  a  star  disappears  behind  any  obstacle  at  a 
distance,  and  find  that,  on  the  succeeding  evening,  it 
disappears  3'  56"  sooner  than  on  the  night  before,  the 
clock  goes  regularly;  but  if  not,  it  may  be  regulated 
ht  the  manner  already  mentioned. 

SEASONS  OF  THE  YEAR. 
The  Inclination  of  the  axis  of  the  earth  to  the  axis 
of  the  ecliptic  in  an  angle  of  23"  28'  occasions  the  va- 
riety of  our  seasons  in  the  course  of  the  year.  In  order 
to  understand  this,  we  must  remember  that  the  sun 
can  enlighten  only  one  half  of  a  planet  at  a  time,  and 
the  circle  which  bounds  the  enlightened  part  of  the 
disk  is  called  the  circle  of  illumination.  This  circle  is 
every  where  90  degrees  from  that  point  to  which  the 
sun  is  vertical  on  the  surface  of  a  planet.  Now  when 
the  earth  is  in  Libra  as  seen  from  the  sun,  and  the  sun 
appears  to  enter  Aries,  as  he  does  on  the  22d  of  March, 
he  will  appear  to  be  in  the  equator,  because  the  eclip- 
tic, which  is  his  annual  course,  cuts  the  equator  at 
that  point,  and  his  rays  will  reach  from  pole  to  pole, 
and  consequently  all  the  p.Trallels  of  latitude  will  be 
equally  divided  by  the  circle  of  illumination.  Hence 
the  days  and  nights  will  be  equal,  all  over  the  earth, 
which  constitutes  that  season  which  ^ve  cull  spring. 
As  the  sun  apparently  passes  from  west  to  east  through 
Aries.  Taunis.  andGemini,  to  the  beginning  of  Cancer. 


tlie  circle  of  iilumination  gradually  extends  bnond 
ihe  north  pole,  and  falls  short  of  the  south  pole,  and 
it  extend  at  last  23°  28'  beyond  the  north  pole,  ad 
fall  so  much  short  of  the  south  pole.  This  will  camt 
all  the  parallels  of  latitude  to  be  unequally  divided  If 
the  circle  of  illumination,  the  greater  part  of  themii* 
ing  in  the  circle  of  illumination  in  the  nartbem  hent 
liere,  and  the  lesser  part  in  the  southern  hemisphcit. 
Hence,  while  the  sun  is  advancing  through  these  tbm 
signs,  the  days  will  be  gradually  increasing  in  lengtk, 
and  the  nights  growing  shorter,  in  all  northern  latitude!, 
and  the  contrary  in  all  southern  latitudes.  All  this  will 
be  greatest,  when  the  sun  arrives  at  the  beginiui^cf 
Cancer,  which  will  constitute  the  middle  of  sutniKT 
on  the  north  side  of  the  equator,  and  the  middle  of 
winter  to  the  south.  The  north  frigid  zone,  included 
within  the  arctic  circle,  is  now  wholly  witliin  the  circle 
of  illumination,  and  the  sun  appears  to  go  round  with, 
out  setting;  while  the  south  frigid  zone  is  wholly  in 
darkness,  so  that  the  sun  does  not  rise  to  it  but  pases 
round  below  its  horizon.  Hence  the  sun  never  irts 
for  six  months  at  the  north  pole,  nor  rises  at  the  sotnh, 
but  appears  to  go  round  in  the  horizon  on  the  day  of 
the  vernal  equinox,  and  everj- day  gradually  rises highff 
.ind  higher  until  he  have  attained  to  the  altitude  of  23" 
28',  on  the  day  of  the  summer  solstice,  which  isacconi- 
plished  in  three  months;  in  the  nest  three  months  he 
gradually  sinks  lower  in  everj"  revolution  until  ht 
come  to  the  horizon  again.  During  these  three  months, 
while  the  sun  passes  through  Cancer,  Leo,  and  Vi^, 
to  the  beginning  of  Libra,  where  he  arrives  on  the 
22d  of  September,  the  days,  in  the  northern  latiludci. 
gradually  grow  shorter,  and  the  nights  longer,  diili 
they  become  of  equal  length,  at  tlie  nutununl  e^nt- 
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■  BOX,  when  the  sun  is  again  in  the  equator,  and  all  the 
:i  parallels  of  latitude  are  equally  divided  by  the  circle  of 
It  ifiuminalion  from  pole  to  ijole.  This  season  is  called 

■  ^e  autumn. 

i       While  the  sun  passes  through  Libra,  Scorpio,  and 

li  Sagittarius,  to  the  beginning  of  Capricorn,  where  he 

k  arrives  on  the  22d  of  December,  the  same  appearances 

■  lake  place  in  the  southern  hemisphere,  as  were  found 
S  to  take  place,  from  the  22d  of  March  to  the  22d  of 
(  Jtme,  in  the  northern  hemisphere.  Tlie  days  grow 
i  gradually  longer  in  all  south  latitudes,  and  shorter  in 
li  the  northern  hemisphere;  until  it  shall  be  the  middle 

■  of  "inter  in  north  latitndc^,  and  the  middle  of  summer 
■,  in  all  south  latitudes.  At  this  time,  the  whole  antarctic 
I  circle  is  included  within  the  ciixle  of  illumination,  and 
,  the  arctic  circle  is  excluded.  The  sun  will  not  there- 
I  fore  set  to  the  south  pole,  nor  rise  to  the  north,  for 
I  six  months  together.  In  the  remaining  three  months 
i  erf  the  year,  ihe  sun  appears  to  move  through  Caprt- 
,  com,  Aquarius,  and  Pisces,  to  the  beginning  of  Aries. 

where  he  arrives  on  the  22d  of  March,  During  this  time. 
the  days  in  south  latitudes  decrease  in  length,  and  on 
the  contrary  increase  in  all  north  latitudes,  until  they 
shall  be  each  twelve  hours  long,  all  over  the  globe. 

PRECESSION  OF  THE  EQUINOXES. 
By  the  diurnal  rotation  of  the  esirth  round  its  axis. 
the  centrifugal  force  of  every  particle  on  the  surface 
of  the  earth  will  be  increased,  and  its  gravity  lessened, 
in  proportion  to  its  distance  from  the  axis  of  the  earth. 
So  that  about  the  equator,  the  surface  of  the  earth  will 
rise  higher  from  the  center,  than  towards  the  poles; 
and  the  earth  will  assume  the  figure  of  an  oblate  sphi 
roid,  whose  equatorial  diameter  will  be  longer  than 
the  polar  diameter.  The  proportion  between  these 
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anicicrs  Sir  Isiac  Newton  fixes  to  be  that  of  230  to 
229.  And  the  measures  that  have  been  made  of  tk 
length  of  dift'erciit  degrees  of  latitude  in  various  pots 
of  the  eartii,  when  compared  with  one  another,  bat 
induced  the  astronomers  of  Europe  to  acquiesce  in 
his  determination,  as  being  nearly  a  mean  of  all  that 
measures.  As  the  sun  and  moon  arc  out  of  the  phot 
of  tlie  equator,  for  the  greatest  part  of  tl»e  year,  and 
attract  this  redundancy  of  matter,  that  is  accumtilatd 
round  the  equator,  more  forcibly  thun  the  other  part! 
of  the  earth,  they  must  have  a  constant  tendcncj-  to 
bring  tlie  equatorial  parts  of  the  earth  directly  under 
them.  The  consequence  of  this  must  be,  that  Ac 
equator  will  be  brought  under  the  sun,  before  an  an- 
nual revolution  is  completed,  as  counted  from  fc 
time  when  the  sun  was  at  the  same  equinox  befcR: 
or  in  less  time  than  is  necessarj'  for  a  complete  rcw- 
lution  of  Uie  earth  round  the  sun,  by  20'  17"  of  tine. 
So  that  from  the  time  the  sun  is  in  the  equator  al  At 
vernal  equinox,  till  his  return  to  it  again,  thert  wS 
elapse  only  365''  5^  48'  57";  whereas  the  penoSui 
time  of  the  earth  is  565^  6^  9'  14".  The  first  of  tine 
intervals  of  time  is  called  the  tropical  year,  the  otbei 
is  called  the  sidereal.  In  the  difference  of  these  times, 
viz.  20'  17",  the  sun  comprises  an  arch  of  50"  of  a  de- 
gree: so  that  after  he  has  left  the  equator,  at  an  equi- 
nox, he  crosses  it  again  while  he  is  50"  of  a  degree  W 
the  westwiud  of  the  point  where  he  crossed  ii  bcfott. 
Hence  the  equinoctial  points  shift  backwards,  ofli» 
the  westward,  al  tlie  rate  of  50"  per  annum,  or  a  dcgttc 
in  72  years.  This  is  called  the  precession  of  the  eipli' 
noxes.  This  point  of  intersection,  where  the  eci^M 
cuts  the  equator,  however  it  be  continually  shtftin| 
towards  the  west,  is  still  called  the  first  point  or  far- 
ginning  of  Aries,  ivithout  any  regard  to  the  sixrs  d 


ihat  constellation.  This  retrocession  of  the  equinoxes 
towards  the  west  has  occasioned  a  small  apparent 
tion  of  all  the  fixed  stars  towards  the  east,  at  the  rate 
a  degree  in  72  jears.  So  that  those  stars,  which  were 
in  the  infancy  of  astronomy  in  the  sign  Aries,  arc  now 
advanced  into  the  sign  Taurus,  and  those  of  Taurus  are 
now  in  the  sign  Gemini.  At  the  creation  of  the  world, 
the  star  that  was  at  the  intersection  of  the  equator  and 
ecliptic,  in  5790  years  will,  at  the  rate  of  50''per  annum, 
have  advanced  2"  20'  25"  towards  the  east;  and  after 
25920  years  the  intersection  will  have  receded  quite 
round  the  equator.  The  consequence  of  this  motion  is, 
that  the  pole  of  the  eardi's  axis  would  describe  a  circle 
round  the  pole  of  the  ecliptic  in  25920  years,  denomina- 
ted the  great  year,  keeping  at  tiie  same  distance  of  23" 
Sa'  from  it,  if  the  obliquity  of  these  circles  continued 
the  same.  But  it  will  gradually  approach  towards  the 
pole  of  the  ecliptic  in  each  revolution,  at  the  rate  of 
about  half  a  second  per  annum,  or  3°  36'  in  each 
revolution:  and  by  the  same  quantity  does  the  obli- 
quity of  the  ecliptic  to  tlie  equator  decrease.  It  is  now 
about  a  third  part  of  a  degree  less  than  what  it  was 
in  the  time  of  Ptolemy,  and  most  of  the  astronomers 
since  his  time  have  found  it  to  decrease  gradually 
down  to  tJie  present  time.  This  arises  from  the  same 
cause  with  the  precession  of  the  equinoxes.  Because 
(he  sun  and  moon  acting,  for  the  most  part,  obliquely. 
on  the  redundancy  of  matter  about  the  equator, 
inust  necessarily  bring  these  circles  to  a  nearer  coin- 
cidence with  each  other.* 

"  It  lias  been  salisfucloiily  ikinons'.i-alcd  by  M.  le  Grunge,  thai 
the  ecliptic  will  never  coincide  with  the  equator,  nor  change  Iti 
iDc^athin  above  3  degrees;  !mt  that  the  solar  planetary  sy 
oodllates,  as  it  were,  round  n  medium  Mmc,  rt-om  which  it 
never  swerve  very  far. 
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EQUATION  OF  TIME, 
From  the  obliquity  of  the  ecliptic  to  the  eqoaort 
and  the  unequal  motion  of  the  earth  in  her  eUipnri 
orbit,  there  arises  an  inequality  in  the  leng;ths  of  d» 
as  measured  by  the  returns  of  a  star  and  of  them 
to  any  given  meridian;  which  is  called  the  eqttationrf 
time.  As  the  earth's  motion  on  her  axis  is  perfect 
equable,  never  going  faster  at  one  time  than  at  aiKK 
ther,  tlie  sidereal  days  are  all  equal,  and  so  wonki  the 
solar  days  also  be,  if  the  sun  always  appeared  to  move  io 
the  equator,  and  the  earth's  orbit  were  a  perfect  circfe, 
so  that  the  sun  would  appear  to  advance  to  the  taM* 
ward  of  a  given  star  an  equal  space  daily.  But  ibis 
not  being  the  case,  hi^i  motion  is  very  unequal,  andh 
sometimes  appears  to  revolve  round  in  less  than  34 
hours,  and  at  other  times  he  requires  more  lime  w 
reach  ihe  same  meridian  which  he  left,  on  the  prec^ 
ding  noon.  The  time  shown  by  the  sun  is  measoitd 
by  a  sun  dial,  but  the  time  shown  by  the  stars  isms- 
sured  by  a  clock,  which  goes  regularly.  The  dialm) 
the  clock  tliereforc  can  never  agree  together  excepU^ 
on  four  days  of  the  year.  The  clock  will  be  befijre the 
dial,  from  the  24th  of  December  till  the  15th  of  .Apiil, 
and  from  the  I6th  of  June  till  the  31st  of  August;  ad 
behind  it,  at  all  other  times.  The  difference  betmdl 
the  clock  and  the  dial  will  amount  to  about  a  qunlB 
of  an  hour,  when  greatest,  and  will  gradually  dccrCMt 
and  diminish  down  to  nothing  on  these  four  days.  M 
this  difference  arises  from  two  causes,  first,  thcobt 
quitj-  of  the  ecliptic  to  the  equator,  and  secondly,  ^ 
unequal  apparent  motion  of  the  suti  in  his  elliptical  or- 
bit, we  must  consider  each  of  these  causes  aeparatdr, 
and  then  determine  their  joint  effect. 


As  the  solar  day  is  longer  than  the  sidereal  day,  any 

point  on  the  surface  of  the  cartli  describes  more  than 

!  it  whole  circle  in  the  course  of  a  solar  day,  seeing  the 

1  sun  in  the  mean  time  has  advanced  about  a  degree  to 

b  the  eastward.  This  arch  which  the  place  describes, 

i!   more  than  a  complete  circle  in  a  solar  day,  is  equal  to 

■    the  sun's  daily  increment  of  right  ascension.  Now 

a    these  daily  increments  of  A.  R.  would  be  different  on 

&    account  of  the  obliquity  of  the  ecHptic  to  the  equator, 

I     even  although  the  sun's  motion  in  liie  ecliptic  were 

J    uniform .  For  if  the  sun  advanced  an  equal  space  daily 

5    along  the  ecliptic,  yet  as  this  space  has  very  different 

!_   positions  with  respect  to  the  equator,  being  at  the 

j    tropics  parallel  to  it,  and  at  other  places  oblique;  it 

J    will  require  a  greater  or  less  additional  turn  of  the 

J,   earth  on  her  axis  over  and  above  a  complete  rotation 

,,    to  bring  the  sun  on  the  meridian;  according  as  these 

J    spaces  are  less  or  more  inclined  to  the  equator.  At 

f    the  equinoxes  and  solstices,  the  right  ascension  and 

(    longitude  of  the    sun  are  equal,    but  at  all   other 

r     times  they  are  different;  and  therefore  as  the  motion  in 

ri^t  ascension,  or  on  the  equator,  is  measured  by  a 

well-regulated  clock,  while  the  motion  in  longitude  or 

on  the  ecliptic  is  measured  by  a  di:il,  the  clock  and 

dial  cannot  agree,  except  at  the  equinoxes  and  solsti- 

ces,  when  the  sun's  longitude  and  right  ascension  are 

equal;  provided  the  whole  equation  depended  upon  this 

cause,  viz.  the  obliquity  of  the  ecliptic  to  the  equator; 

8s  would  be  the  case,  if  the  apparent  motion  of  the 

sun  were  equable  in  his  apparent  orbit. 

But  this  is  not  llie  case;  for  part  of  the  equation  of 
time  depends  upon  the  sun's  uoequnble  motion  in  his 
apparent  orbit.  He  sometimes  moves  more  than  a  de- 
gree in  a  day,  and  sometimes  less.  His  motion  being 
quickest  in  winter,  when  he  is  nearest  to  us,  and  slow- 
3  1 
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est  in  Miminer,  when  ne  is  at  his  greatest  distance. 
His  motion,  as  it  is  measured  by  tlie  dial,  is  slower 
than  his  mean  motion  which  is  measured  by  the  clock, 
while  the  upper  half  of  the  eartli's  orbit  ia  deacri. 
bed,  and  quicker,  while  the  other  half  is  passed  orcr. 
While  his  anomaly,  or  mean  motion  counted  froi 
his  apogee,  is  less  than  six  signs  or  half  a  cirde, 
he  comes  to  the  meridian  before  Iwelrc  by  tbe 
clock,  because  his  motion  being  then  slower  than  tbr 
mean  motion,  his  daily  increment  of  right  ascenaon  ii 
less,  and  therefore  it  requires  but  a  small  time  for  any 
meridian  to  come  up  to  him.  But  while  his  anomily  ift 
more  than  six  signs,  or  a  semicircle,  he  comes  to 
the  meridian  after  twelve  by  the  clock,  because  he  bas 
gone  farther  towards  to  tlic  east,  by  his  quicker  tnc- 
tion,  and  therefore  it  requires  a  longer  time  for  am 
meridian  to  come  under  the  sun,  after  a  complete  re- 
volution of  the  earth  round  its  axis.  Now  the  first-Tncn- 
tioned  cause  of  the  equation  of  time  making  it  vanoh 
at  the  equinoxes  and  solstices,  and  the  last-mcntioood 
making  it  vanish  at  the  apogee  and  perigee;  iteaoont 
vanish  entirely  at  any  of  these  times,  but  at  tbe  fiw 
intermediate  times  above-mentioned.  _ 

The  time  measured  by  the  sun>dial  is  called  iMB 
rent  time,  but  tliat  measured  by  the  clock  is  catui 
meantime:  and  the  difference  between  these  itdK 
equation,  which  being  sometimes  added  to,  and  sonx- 
times  subtracted  from  apparent  time,  will  give  iht 
mean  time. 

The  only  difficulty  now  remaining  is,  how  to  find 
the  quantity  of  this  equation  of  time,  and  to  kffW 
whether  it  be  additive  lo  mean  lime  or  sublnctire 
from  it,  to  give  the  true.  This  may  be  known  in  ^ 
following  manner. 
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fc-If  the  sun  were  supposed  tu  move  round  the  equator 
in  a  year,  with  aii  equable  motion,  and  a  uniform  velo- 
city of  59'  8"  per  day,  his  motion  would  be  measured 
by  a  well-regulated  clock,  and  his  distance  from  the 
first  point  <rf  Aries  on  any  day  of  the  year  would  be 
the  same  as  his  mean  longitude,  which  is  found  by 
the  constant  addition  of  59'  8"  for  every  day  after  the 
vernal  equinox.  He  would  then  come  to  the  meridian 
every  day  at  noon  by  the  clock;  but  his  real  appulse 
to  the  meridian  is  known  by  the  dial,  and  he  will  actu- 
ally come  to  the  meridian,  by  his  proper  motion  in  the 
ccliptic,with  that  pointof  the  equator  which  determines 
his  right  ascension.  The  difference,  then,  between  his 
mean  longitude  and  right  ascension,  is  that  arch  of  the 
equator  which  passes  under  the  meridian  between  the 
apparent  and  mean  noons,  i.e.  between  the  noons  by  the 
clock  and  dial;  and  therefore  when  this  arch  is  con. 
verted  into  time,  at  the  rate  of  15  degrees  per  hour,  it 
wUl  be  the  equation.  Now  if  the  sun's  mean  longhude 
be  greater  on  any  day,  than  his  right  ascension,  the 
difference  converted  into  time  must  be  subtracted 
from  the  apparent  noon  to  obtain  the  mean,  because 
the  mean  noon  will  precede  the  apparent;  but  if  his 
mean  longitude  be  less  than  his  right  ascension,  the 
equation  of  time  must  be  added  to  the  apparent  noon 
to  obtain  the  mean,  because  the  apparent  noon  will 
then  precede  the  mean. 

The  only  thing  now  remaining  is  to  find  the  sun's 
right  ascension;  which  may  be  done  by  first  finding 
the  latitude  of  the  place,  by  the  ahitude  of  the  pole- 
star  on  the  meridian;  and  then  by  finding  the  declina- 
tion, from  the  meridian  altitude  of  the  sun;  for  tiiese, 
with  the  known  obliquity  of  the  ecliptic,  will  give  the 
right  ascension,  by  the  rnles  of  spheric  trigonometry. 


I 
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The  earth,  in  her  annual  progress  round  the  son,  ii 
attended  by  one  moon,  whose  modons  and  phenoMoii 
shall  be  the  subject  of  some  ftrture  lecture,  w&effHe 
ccMiwler  the  motions  of  the  satellites  tluit  Mvdbt 
round  the  planets  as  the  centers  of  their  motioK  ^  « 

* 
■      ■  I       ■ 

MARS.  -i' 

Mars  is  the  next  of  the  planets,  wfai<&  nenMl 
round  the  sun,  at  the  distance  of  145,014,148  mfln 
from  him,  and  completes  his  period  in  686*  Yl^  Uf; 
and  at  the  same  time  turns  round  his  axis  ill  94^ 
40'.  His  orbit  is  inclined  to  the  orbit  of  the  cardi  m 
an  angle  of  1^  52',  and  cuts  it  in  18°  SO'  of  »  and% 
which  points  are  called  his  nodes.^  He  travels  ifthii 
orbit,  at  the  rate  of  52,500  miles  per  hour.  His'^fi^ 
ameter  is  but  two  thirds  of  the  diameter  of  the  earthy 
or  rather  the  earth  is  three  times  as  large  as  Mars;  arid 
on  account  of  his  distance  from  the  sun  he  receives 
but  about  one  half  of  the  light  that  we  enjoy.  His  equa- 
torial diameter  is  to  his  polar  diameter  as  1355 :  187S, 
or  as  16  is  to  15,  nearly.  He  appears  sometimes  gib> 
bous,  and  sometimes  shines  with  a  full  face  in  his  op- 
positions and  conjunctions,  but  never  appears  hom- 
ed; which  shows  that  his  orbit  includes  the  orbit  of 
the  earth.  To  his  inhabitants,  the  earth  and  moon  wp- 
pear  like  two  moons,  changing  places  with  each  odier, 
appearing  homed,  half.illuminated,  and  gibbous,  but 
never  full,  and  never  above  one  quarter  of  a  dc^gite 
from  each  other,  although  they  are  240,000  miles  apart. 
Our  earth  appears  almost  as  large  to  Mars  as  Venos 
does  to  us;  and  sometimes  is  seen  passing  over  die 

*  The  ascending  node  of  Muv  was  in  1>  ITo  54'  38.  S''  in  die 
year  1783,  Dec.  8tb.  The  annual  motion  af  his  nodes  is  24. 2". 
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ia*s  &Ge,  attended  with  our  mooot  m  Venus  and 
[ercuiy  appear taua  to  paaa  over  jum;  and.theltran- 
t8  of  Venus  and  Mercury  are  also  observable  there  as 
«I1  as  with  us.  The  axis  of  Mars  is  inclined  59*"  42' 

>  the  ecliptic,  and  points  to  17''  47'  of  Pisces.  Obliqui- 
'  of  ecliptic,  28^  42".  Venus  is  as  seldom  seen  fridm 
lars,  as  Mercury  is  seen  by  us;  and  Mercury  is  ne- 
u*  seen  by  the  inhabitants  of  Mars»  except  when 
s  is  pasang  over  th|e  sun's  4isik.  Qur  earth  never  ap- 
Buv  &rther  from  die  sun  than  .about  48  degrees, 
Inch  is  the  greatest  clong^jdoii  oS  Venus,  and  there- 
ve.  we  shall  be  the  evenmg  and  morning  star  to  Mars, 
[  turns,,  as  Venus  b  to  us.  Asx>ur  earl's  orbit  is  in- 
nded  within  the  orbit  of  Mars,  it  wiU  exhibit  all  the 
iflerent  phases  of  illumination^  conjunctions,  stations, 
pogressions,  and  retrogradationsj  that  Venus  docs  to 

As  the  phenomena  of  Mars  bosai  the  earth  are  the 
ime,  in  general,  with  those  of  the  other  superior  pla- 
rts,  we  shall  consider  them  together,  when  we  have 
mentioned  the  other,  bodies  that  compose  the  solar 
rstem. 

JUPITER. 

Jupiter  is  the  next  of  the  superior  planets  above 
Ears,  in  the  solar  system,  and  by  &r  the  largest,  be- 
ig  about  one  thousand  times  as  lai^  as  our  earth; 
ir  his  diameter  is  about  81,000  miles,  which  is  more 
lan  ten  times  the  diameter  of  the  earth.  He  travels  at 
le  rate  of  29,000  miles  per  hour  in  his  orbit,  and 
dishes  his  revolution  in  11  years,  314  days  and 
2^  hours,  turning  round  upon  his  axis  in  S^  56'; 

>  that  his  year  contains .  10,470  days.  By  his  quick 
>tation  on  his  axis,  hb  equatorial  ^ametcr  is  largei 


I 


than  his  polar  diameter  in  the  ratio  of  13  :  1^ 
will  make  a  difference  of  6230  miles;  so  that  im  paks 
arc  nearer  to  his  center  than  his  equator  by  3115  nds. 
This  is  a  necessary  consequence  of  his  quick  rotation 
on  his  axis,  because  the  fluids,  and  lighter  parOcks 
H'ashed  anay  by  them,  will  recede  from  the  poki, 
which  are  at  rest,  and  retire  towards  the  equator,  what 
the  motion  is  quickest,  until  there  be  a  sufficient  quan- 
tity collected,  to  make  up  for  the  deficiency  of  graviff 
lost  by  the  centrifugal  force;  and  when  this  is  accom- 
plished by  a  sufficient  accumulation,  the  equatorial 
parts  can  rise  no  higher.  Our  earth,  beitig  but  a  small 
planet  when  compared  with  Jupiter,  and  its  rotalXM 
on  its  axis  being  not  half  so  quick,  is  of  course  nmoll 
less  flattened  at  the  poles,  its  diameters  being  in  the  nlio 
of  230  :  220,  ^vhich  occasions  a  difiereuce  of  about  iS 
miles.  Jupiter's  orbit  is  inclined  l''2(J  tothe  eclipuc,l» 
ascending  node  being  in  the  seventh  degree  of  Cancer* 
His  axis  is  so  nearly  perpendicular  to  his  orfailt  ihM 
he  has  scarcely  ajiy  change  of  seasons.  He  is  wr- 
rotindcd  by  faint  substances,  in  the  direction  of  Ul 
equator,  called  belts,  in  which  so  many  changes  ham 
been  observed,  that  they  art  by  some  supposed  tobt 
clouds,  or  possibly  discoloured  portions  of  his  surface, 
less  fitted  to  reflect  the  light  of  the  sun,  and  sometimes 
obscured  more  tlian  at  others,  by  the  clouds  that  Boat 
in  his  atmosphere.  These  belts  are  sometimes  ob- 
served lo  be  of  different  breadths,  and  at  others  to  be 
nearly  equal.  Large  spots  have  t>een  seen  in  ihcft 
which  have  again  disappeared;  the  broken  ettds  of 
the  belts  revolving  in  the  same  time  witli  the  !^ot», 
and  those  near  to  the  equator  in  alwut  four  mioutcs 
less  time,  than  those  near  the  poles. 

The  sun  appears  to  Jupiter  but  a  twenty-eighth  pW 
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as  large  as  to  us,  and  hb  light  and  heat  are  in  the  same 
small  proportion;  but  this  inconvenience  is  compensa- 
ted by  the  quick  ret  urns  of  day,  and  by  therevolutions 
ibtir  moons  around  him  in  short  periods,  some  of  which 
aire  larger  and  some  less  than  our  earth.  So  that  there 
Is  scarcely  any  part  of  this  large  planet,  whose  night 
is  nut  enlightened  by  one  or  more  of  these  moons; 
excepting  near  his  poles,  where  the  outermost  alone  is 
visible.  Their  motions  we  shall  consider  hereafter.  His 
distance  from  the  sun  is  494,990,976  miles. 

SATURN. 
•  Saturn,  the  next  planet  in  size  and  situation  to 
Jupiter,  revolves  round  the  sun  in  29  years,  167  days 
and  6|  hours  of  our  time,  which  make  but  one  year  to 
him.  His  distance  from  the  sun  is  907,956,130  miles. 
He  travels  at  the  rate  of  21,099  miles  per  hour  in  his 
orbit.  He  is  nearly  600  times  as  large  as  this  earth, 
his  diameter  being  67,000  miles.  To  such  eyes  as 
ours,  Jupiter  and  Herschel  are  the  only  planets  that 
can  be  seen  from  Saturn,  and  Saturn  and  Herschel  thc 
only  planets  that  can  be  seen  from  Jupiter.  The  earth 
is  less  thiin  some  of  the  moons  of  Jiipiier,  and  these  are 
all  invisible  to  the  naked  eye;  consequently  our  earth 
would  be  invisible  at  the  distance  of  Jupiter,  and  much 
more  so  at  the  distance  of  Saturn  or  Herschel.  Saturn's 
orbit  intersects  the  ecliptic  in  an  angle  of  2°  33'  30 ",  and 
his  ascending  node  in  in  21' 50' <jf  Cancer,  about  14  de 
grees  from  the  node  of  Jupiter,  towards  the  east.  As 
visible  spots  have  been  discovered  on  the  disk  of  Sa 
tuni,  that  are  distinguishable  from  the  rest  of  his  sur- 
face, it  is  now  known,  that  he  has  a  rotation  on  his 
axis,  perpendicular  to  his.ring.  He  has  belts  similar  to 
those  of  Jupiter,  lying  nearly  in  the  direction  of  his 
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equator,  or  his  ring.  The  sun  appears  to  be  but  about 
one  ninetieth  part  as  large  to  Saturn  as  to  us,  and  hb 
light  and  heat  are  in  the  samesmallproportion.  However 
this  seems  to  be  wisely  compensated  by  seven  mooos 
revolving  round  him  nearly  in  the  plane  of  his  ring; 
at  difierent  distances,  and  in  different  periods.  Besddes 
these,  he  is  surrounded  with  a  thin  broad  ring  at  the 
distance  of  about  twenty-one  thousand  miles  from 
him,  and  nearly  of  the  same  breadth,  which  ahswen 
the  purpose  of  a  continuation  of  moons  quite  round 
the  planet.  This  appears  to  his  inhabitants  like  a  broad 
luminous  arch  in  the  heavens,  as  if  it  did  not  belong 
to  him,  and  may  be  represented  by  the  horizon  of  an 
artificial  globe,  removed  to  its  breadth  from  the  sur- 
face of  the  globe.  This  ring  is  inclined  to  the  eclip- 
•  tic  in  an  angle  of  30  degrees,  and  intersects  it  in  19" 
45'  of  Virgo  and  Pisces,  so  that  when  Saturn  is  in 
these  points,  the  plane  of  the  ring  passes  through  the 
earth,  the  edge  of  it  being  turned  directly  towards  us. 
At  tliis  time  the  ring  disappears,  and  the  body  of  Sa- 
turn is  seen  divested  of  the  ring;  as  the  edge  of  it  is 
so  thin,  as  to  become  invisible  even  with  our  best  teles- 
copes. This  will  happen  t\vice  in  every  revolution  of 
Saturn:  and  when  Saturn  is  in  the  middle  between 
these  points,  that  is  about  the  20th  degrees  of  Gemiiu 
and  Sagittarius,  it  appears  most  open  to  us,  the  eye 
being  elevated  about  30  degrees  above  the  plane  of  die 
ring,  when  its  apparent  diameters  are  to  each  other  as 
9 :  4.  As  Saturn  goes  round  the  sun,  his  obliquely-posi- 
ted ring  continues  parallel  to  itself,  like  the  axis  of  our 
earth,  and  therefore  twice  in  every  Satumian  year,  or 
once  in  every  fifteen  years,  its  edge  is  turned  towards 
the  sun;  and  being  very  thin  it  then  becomes  invisible 
to  the  earth,  wheresoever  tlie  earth  may  be.  As  the  suu 
shines  for  half  a  year  on  the  north  pole  of  our  earth 
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and  then  disappears  from  it  for  the  same  time;  so  the 
sun,  in  •  like  manner,  shines  for  fifteen  years  on 
the  north  side  of  the  ring,  and  then  disappears  from  it 
for  1 5  years  more,  while  he  is  shining  on  its  south  side. 
In  1 789,  the  ring  will  disappear  and  reappear  twice, 
viz.  disappear  5th  May,  and  reappear  24lh  August; 
disappear  15th  October,  and  reappear  30th  January 
1790.  There  is  some  reason  to  believe  that  the  ring 
of  Saturn  turns  round  on  an  axis;  because,  when  it  is 
almost  edgewise  to  us,  it  appears  to  be  someivliat  thick- 
cr  on  one  side  than  on  tlic  other,  and  the  thickest  side 
lias  been  seen  on  different  sides  of  the  planet,  at  dif- 
ferent times.  Herschel  has  discovered  lately,  that  it  re- 
volves in  10'  32'  15  ".  When  the  ring  is  viewed  with 
a  very  good  telescope,  it  appears  double,  as  if  it  were 
composed  of  two  rings,  one  surrounding  the  other,  and 
separated  b}'  a  dark  black  list  or  line.  The  outer  ring, 
as  there  are  really  two  of  them,  appears  to  be  but  about 
half  as  broad  as  the  inner  one.  Satuni  is  flattened  to- 
Tvards  the  poles,  his  diameters  being  to  each  other  as 
11:  12. 


HERSCHEL. 
Herschel  is  the  outermost  planet  of  the  solar 
system,  which  we  have  yet  discovered.  It  was  late- 
ly discovered  by  Mr.  Herschel,  of  Bath,  in  Eng- 
land, who  accidentally  met  with  it,  in  his  telescope, 
as  he  was  viewmg  the  fixed  stars.  Upon  considering 
its  motion  and  comparing  its  present  place,  with  a  new 
star  mentioned  by  Mr.  Meyer,  of  Gottingcn,  as  dis-. 
covered  about  thirty  years  before,  in  a  certain  place  of 
llie  heavens  where  no  star  is  noAv  to  be  found,  the  as- 
tronomers of  Europe  have  concluded,  that  what  Meyer 
had  then  seen,  was  the  same  star  that  Herschel  hy^ 


lately  discovered.  Upon  this  supposition,  they  have 
endeavoured  to  ascertain  tlie  elements  of  its  motkn 
to  be  as  follows. 

It  performs  its  revolution  round  the  sun,  like  ii 
other  planets,  from  west  to  east,  in  about  eighty-thite 
jxars  and  four  months,  at  the  distance  of  near  nineteen 
hundred  millions  of  miles  from  the  sun,  in  an  orbk 
inclined  to  the  ecliptic  in  an  angle  of  48'  lOT^  cutting 
tlie  ecliptic  in  IS""  30'  of  Gemini  and  Sagittarius.  Its 
diameter  is  about  34217  miles,  being  to  that  of  our 
earth  as  4.31769  to  1,  and  its  eccentricity  82034.  It 
seems  to  have  passed  its  perihelion  on  the  7th  Sep- 
tember 1779,  moving  at  the  rate  of  4**  21'  T'.S  per 
annum.  Its  bulk  is  30.49:>^56  times  that  of  the  earth, 
though  its  quantity  of  matter  is  but  17.740612  as 
much.  There  is  but  litde  more  known  of  the  motiom 
of  this  planeti  as  it  has  not  yet  performed  half  its  pe- 
riodical revolution,  since  the  time  it  was  first  dis- 
covered. It  is  attended  by  two  moons  already  disco- 
vered; the  first  revolves  in  8*"  17^"  T  19"  and  the  other 
inl3m»*5'  1.5".* 

ASPFXTS  OF  THE  SUPERIOR  PLANETS. 

Any  of  these  superior  planets.  Mars,  Jupiter,  Sa- 
turn, or  Herschel,  may  be  found  in  opposition  to  tbe 
sun,  as  well  as  in  conjunction  with  him.  They  appear 
in  opposition  to  the  sun,  when  they  are  seen  in  oppo- 
site parts  of  the  heavens;  and  as  they  revolve  in  orbits 
which  include  tlie  orbit  of  the  earth,  whenever  they  are 
.  on  the  same  side  of  the  heavens  with  the  sun,  they  arc 
said  to  be  in  conjunction  with  him,  and  must  thenappear 
of  aless  diameter,  because  of  their  greater  distance  fiom 

*  Since  the  writing  of  tiiis  lecture,  four  additional  moooft  hue 
b^cn  discovered.  £d. 
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the  earth;  but  when  they  are  on  the  opposite  side  of  the 
heavens,  they  are  consequently  nearer  to  the  earth,  and 
must  appear  of  a  greater  diameter.  Thus  the  diameters 
of  the  superior  planets,  in  opposition  and  conjunction, 
are  to  each  other,  in  the  following  ratios;  of  Mars,  as 
25  :  5;  of  Jupiter,  as  62 ;  4-2;  of  Saturn,  as  105  :  85; 
— of  Herschcl  is  not  known  but  by  computation. 

As  all  the  superior  planets  move  in  the  same  direction 
with  the  earth,  and  with  less  velocity,  the  appearances 
ivhich  they  exhibit  to  us  will  be  the  same,  if  we  sup- 
pose them  to  be  at  rest,  and  the  earth  to  move  with  the 
difitrence  between  their  respective  velocities  and  that 
of  the  earth.  Now,  while  the  earth  is  moving  through 
that  part  of  her  orbit,  which  is  nearest  to  the  superior 
planet,  the  planet  will  appear  to  move  from  east  to 
west,  or  retrograde,  among  tlie  stars;  first  increasing  in 
its  velocity  as  it  approaches  to  the  point  of  its  opposi- 
tion, where  its  velocity  is  greatest,  and  then  gradually 
decreasing  in  velocity,  until  it  come  to  that  point 
where  a  right  line  from  the  planet  to  the  earth  will  be 
a  tangent  to  the  orbit  of  the  earth,  where  the  superior 
planet  ^vill  appear  to  be  stationary  for  a  small  time,  as 
the  earth  is  then  going  directly  from  it.  From  thence 
the  direct  motion  of  the  planet  will  commence,  and  its 
■velocity  will  gradually  increase  till  the  conjunction  of 
the  sun  and  planet,  when  it  will  be  again  greatest,  and 
then  it  will  gradually  decrease  until  it  become  sta- 
tionary; after  which  its  retrograde  motion  will  again 
commence.  So  that  when  a  superior  planet  is  pass- 
ing from  one  station  to  another  through  its  opposition, 
its  geocentric  motion  is  retrograde;  but  ivhile  it  is 
passing  from  one  station  to  another  through  its  con- 
junction, its  geocentric  motion  is  direct. 

Half  the  arc  of  regress  of  a  superior  planet  is  eqnal 


to  the  angle  under  which  the  semi-diainelcr  of  Ik 
earth's  orbit  would  be  viewed  from  the  phmet;  and  n 
this  semi-diameter  must  appear  under  a.  less  an^ 
the  farther  the  eye  is  removed  from  it,  it  follow, 
iliat  Mars's  arc  of  regress  is  greater  tlian  Ju[utcf\ 
Jupiter's  greater  than  Saturn's,  and  Saturn's  greater 
than  Herschcl's,  It  follows  also,  that  as  the  sine  d 
half  the  arc  of  regress  of  a  superior  planet  is  to  ra- 
dius, so  is  the  radius  of  the  earth's  orbit  to  the  radha 
of  the  planet's  orbit;  so  that  the  proportion  of  the  dt»- 
tance  of  the  earth  from  the  sun,  to  the  distance  ofaaf 
of  tlie  superior  planets  from  the  sun,  may  be  known 
by  observing  the  arc  of  their  regress;  andiftberal 
distance  of  tlie  earth  be  known  in  any  dctenntailc 
measure,  the  distance  of  the  rest  may  be  found. 

In  explaining  the  progressions,  stations,  andtctte- 
gressions  of  tlie  superior  planets,  we  liave  suppOBei 
that  the  planet  was  at  rest,  and  that  the  earth  nwitd 
Avith  the  difference  of  their  velocities;  and  these  nil 
be  the  same  that  they  %vould  be  upon  the  suppoH&n 
of  the  proper  motion  of  both;  save  only,  that  the  rtl- 
lions,  and  the  retrograde  and  direct  motions  of  tls 
planets,  will  happen  in  different  portions  of  die  ha- 
vens, and  not  always  in  the  same  parts. 

The  heliocentric  latitude  of  a  planet  is  greatest 
when  it  is  at  90  degrees  distance  from  either  of  itt 
nodes:  but  the  geocentric  latitude  is  directly  as  tbe 
heliocentric  latitude,  and  inversely  as  the  distauec  of 
the  planet  from  the  earth.  When  a  superior  planet 
is  in  conjunction,  its  heliocentric  is  greater  lltaD 
geocentric  latitude,  but  less,  when  it  is  in  opj  ~ 
The  method  of  determining  the  mean  times 
conjunctions  or  oppositions  of  the  planets  is, 
considering  their  mean  motions  as  viewed  from  ffi? 
sun,  and  tliercby  determining  how  far  any  one  of  ibc 
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planets  would  appear  to  separate  from  the  earth  iii 
_  the  space  of  a  day;    and  thus  finding  how    many 
llays  ^vill  be  necessary  for  their  separation  to  the  dis- 
;  tance  of  a  whole  circle.  Thus,  if  the  daily  motion  of 
I  the  earth  be  59'  8"=3548",   and   that   of  Herschel, 
f  42".88,  the  eardiwill  appear  to  recede  from  him  with 
I  A  vclocitj-  equal  to  the  dift'crcnce  of  their  motions,  viz. 
3505".I2  per  day.  Then  say,  as  3505".12  :  I  day  : : 
1,290,000' :=the  seconds  in  a  circle  :  370  days  nearlj, 
;    itrhich  must  pass  from  the  time  of  one  conjunction,  or 
,    exposition  to  the  next.  In  this  manner,*the  intervals  be- 
,    tween  the  conjunctions  of  any  of  the  other  planets  may 
I   be  found  from  their  daily  motions,  which  are  as  follows; 
f    of  Mercury,  4"  5'  32";  of  Venus,  1"  36'  8";  of  Mars, 
;     31'27";  ofJupiter;4'59";  ofSatum,2T;  ofHerschel, 
42.88".  In  the  same  manner  the  mean  conjunctions 
of  tile  planets  arc  found,  which  may  differ  some  days 
from  the  true  times,  on  account  of  the  unequal  mo- 
tions of  the  planets  in  their  elliptical  orbits.  These 
times  are  therefore  to  be  corrected  from  the  astronomi. 
eal  tables  of  their  motions,  by  computing  their  real 
distances  from  each  other,  as  seen  from  the  sun,  at  the 
times  of  their  mean  distances;  and  from  their  known 
velocities  at  that  time,  finding  the  time  of  their  true 
conjunctions. 

The  planets  arc  all  opake,  globular,  and  rough  bo- 
dies; as  it  is  owing  to  the  roughness  of  their  surfaces 
that  they  reflect  light  enough  from  the  sun  to  make 
them  visible  to  us.  For  if  their  surfaces  were  smooth 
and  well  polished,  the  image  of  the  sun  reBected  from 
them  would  be  no  more  than  a  point,  and  the  planet 
would  become  invisible;  but  being  rough,  they  reflect 
the  light  in  all  directions,  and  from  every  point,  in  suf- 
ficient quantities,  to  make  them  appear  in  their  proper 
dimensions. 


446 


COMETS. 

There  is  still  remaining  the  most  numerous chsi 
of  bodies  belonging  to  the  solar  system,  which  revdre 
round  the  sun  in  very  eccentric  orbits,  in  long  peri- 
ods, and  in  all  difierent  directions;  some  from  west  to 
east,  others  from  east  to  west;  some  from  north  to 
south,  and  others  in  a  contrary  course;  and  which  at 
usually  denominated  comets.  They  are  solid  and  opak 
bodies,  usually  attended  with  long  and  shining  trains, 
sometimes  extending  a  hundred  degrees  from  the 
comet,  and  projected  in  a  direction  opposite  to  the 
sun.  As  they  revolve  in  very  eccentric  ellipses,  dxjr 
take  amazing  excursions  through  the  regions  of  qnoCi 
and  then  return,  after  a  long  absence,  down  thnxi^ 
the  planetary  orbits,  and  many  of  them  approach  voy 
near  to  the  center  of  force,  when  they  move  with  in- 
credible velocity.  They  are  visible  only  for  a  smaU 
part  of  their  periods,  viz.  while  they  are  performing  that 
part  of  their  orbits,  which  lies  within  the  planetary  re- 
gions; and  hence 'it  is  so  extremely  difficult  to  ascer- 
tain their  periodical  returns  with  precision,  from  the 
few  observations  that  can  be  made  of  their  motioos» 
while  they  are  visible.  We  have  therefore  no  method 
left  for  this  purpose,  but  by  consulting  the  histories  of 
comets,  and  by  noting  the  years  in  which  comets  haTc 
appeared,  that  have  a  similar  course  tlirough  the  hea- 
vens; and  if  we  find  any  such  appearing  ifter  equal  pe- 
riods, and  in  similar  orbits,  we  have  then  some  proba- 
ble grounds  to  conclude  that  it  was  the  same  comet 
which  returned  to  the  sun  after  these  periods.  By  these 
means,  Dr.  Halley  first  predicted  the  return  of  the 
comet  of  1759,  whose  period  appears  to  be  75.S  yeais, 
as  he  had  observed  that  it  had  appeared  before,  in  a 
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similar  course,  in  the  years  1308,  1456,  1531,  1607, 
1682.  From  the  equality  of  periods  and  similitude 
^^appearances,  he  also  concluded  that  the  comet  of  IS32 
;  appeared  again  in  1661,  after  a  period  of  129  years; 
I  and  if  his  conjecture  be  right,  we  may  expect  to  see  it 
again  inJanuary  1790  or  1791.  That  the  cornel,  which 
appeared  in  the  44th  year  before  Christ,  appeared  (in 
the  consulate  of  Orestes  and  Lampadius)  in  531,  in 
1106,  and  1680,  after  a  period  of  575  years.  In  tlie 
same  manner  it  is  concluded,  that  the  comet  of  204, 
570,  1299  and  1664,  was  the  same,  returning  after 
a  period  of  365  years.  It  is  also  probable,  that  the 
comets  of  1264  and  1556  may  be  one  and  the  same 
comet,  returning  after  a  period  of  292  jears;  and  also 
that  the  comets  of  1596  and  1699  may  be  the  same 
comet,  returning  after  a  periodof  103  years;  and  may  be 
expected  again  in  1802.  Although  the  astronomical  ele- 
ments of  betivcen  40  and  50  comets  have  been  calcu- 
lated in  parabolic  orbits  by  Dr.  Halley  and  others,  yet 
•sve  cannot  believe,  from  these  elements,  that  the  period- 
ical times  of  any  of  them  have  been  ascertained,  except- 
ing those  above  mentioned,  and  even  these  are  doubt- 
ful, until  their  future  returns  confirm  the  predictions. 
As  the  comets  descend  within  the  planetary  regions, 
they  may  approach  near  to  the  pkneis  in  crossing  their 
orbits,  and  thereby  suffer  some  alterations  in  their  ve- 
'  locities  and  periods,  and  also  in  the  inclination  of  their 
orbits  to  the  ecliptic,  which  will  ever  make  it  a  very 
difficult  matter  to  predict  their  returns  with  precision. 
To  the  naked  eye,  the  head  of  a  comet  generally 
appears  like  a  cloudy  stai-,  shining  with  a  dull  and  ob- 
scure light,  though  some  have  been  observed  to  shine 
with  a  vivid  light  equal  to  that  of  stars  of  the  lirst  mag- 
nitude, and  some  to  have  even  surpassed  Jupiter  in 
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splendour.  But  when  viewed  through  a  good  vda 
cope,  tlic  head  appuar!»  a  solid  globe,  surrounded  cilt 
a  large  and  gross  atmosphere,  and  most  commonljtf- 
tended  with  a  long  and  bhining  train.  Various  \aiK 
been  the  opinions  of  philosophers  concerning  the  vi 
of  comets;  although  all  acknowledge  that  theydepo^ 
some  way  or  other,  upon  the  action  of  the  sun,  fi 
this  plaiji  reason,  that  lliey  arc  projected  from  the  « 
met  opposite  to  the  sun,  and  are  observed  to  grot 
longer  upon  the  comet's  nearer  approach  to  him.  Si 
Isaac  Newton,  whose  opinion,  even  when  delivered  a 
a  conjecture,  is  jusUy  revered  by  ever}-  phtloM^iber, 
supposed,  that  the  tails  of  the  comets  were  their  ilinos- 
phcres,  greatly  rarefied  by  the  heat  of  lJ»e  sun,  mi] 
thereby  made  specifically  lighter  than  the  ether,  whki 
he  supposes  might  fill  the  plaiietarj-  regions,  and  «- 
gard  the  sun  as  its  atmosphere,  and  gravitate  lou'anb 
it.  Hesupposedthat  this  ether,  being  most  rarefied  not 
to  the  sun,  would  constantly  ascend  from  it,  and  their 
by  carry  up  with  it  the  reflecting  matter  of  whtcb  ihe 
tail  is  composed.  This  solution,  however,  is  abJKlcd 
to,  from  the  improbability  of  the  ascent  of  this  vt^VB 
from  the  comet;  being  so  much  swifter  than  the  UN- 
tion  of  the  comet,  as  to  cause  the  tail  to  aaceoi 
before  it,  when  the  comet  of  1680,  at  its  nearest  ap' 
proach  to  the  sun,  moved  with  the  amazing  rapid^ 
of  880,000  miles  in  an  hour.  Rcwning  therefore  sup- 
poses, that  the  atmospheres  of  the  comets  extend  at 
far  as  their  tails,  and  that  the  part  which  forms  tbc  tii 
is  distinguished  from  the  rest,  by  the  rays  of  tbc»n 
being  most  copiously  reflected  from  it.  The  supposed 
extent  of  the  atmospheres  is  an  objection  to  this  sohi- 
tion.  It  is  more  probable  to  me,  that  the  atmaspfacm 
of  the  comets  are  of  a  moderate  size,  and  arc  cooda- 
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set!  about  them  in  their  aplieliaj  but  that  when  they  de- 
Bcend  towards  the  sun,  these  atmospheres  expand,  and 
exhibit  the  appearance  of  a  coma  surrounding  the  co- 
met when  it  first  begins  to  be  visible;  and  that  when  it 
comes  close  to  the  sun,  the  whole  atmosphere  becomes 
so  rarefied,  as  to  be  carried  fonvavd  by  ihc  action  of 
the  Sim's  rays  in  their  oivn  direction,  and  by  the  reflex. 
ion  of  the  light,  to  afibrd  the  appearance  which  is  de- 
nominated the  tail  or  train  of  the  comet. 

Tlio  tails  of  comets  appear  to  be  bent  a  little  to- 
wards that  part  which  the  comet  has  left,  being  well 
defined  on  the  convex  side,  and  always  in  the  plane  of 
tJieir  orbits. 

When  the  perihelion  distances  and  periods  of  co- 
mets are  known,  their  aphelion  distances  are  also  found 
from  the  proportion  between  the  cubes  of  tlic  mean 
distances  and  the  squares  of  the  periodical  times.  Thus 
the  comet  of  1759,  whose  perihelion  distance  is  58.8 
ol"  such  parts  as  the  mean  distance  of  the  earth  con- 
tains 100,  and  period  75.5  years,  will  be  found  by 
that  analogy  to  be  at  the  mean  distance  of  1786.4;  from 
the  double  of  which,  vi;:.  3572.8,  subtract  58.8,  and 
there  remains  3514  for  the  aphelion  distance,  wliich 
is  about  twice  the  distance  of  Herschel  from  the  sun, 
or  35  times  the  distance  of  the  earth.  By  a  similar 
process,  the  aphelion  distance  of  the  comet  of  1680, 
whose  period  is  575  years,  and  perihelion  distaoce  but 
0.612,  comes  out  to  be  near  138  times  the  mean  dis- 
tance of  the  earth,  that  is,  nearly  13,800  millions  of 
miles  from  the  sun;  wlicrcas  at  its  nearest  distance 
from  the  sun,  it  was  not  above  one  third  of  his  semi- 
diameter  from  his  surface;  or  aboiit  half  a  million  of 
miles  from  his  center.  At  Uiis  dij>tance,  the  sun  ap- 
peared to  thi^i   comet    40  thousand  times  as  larg? 
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as  to  us.  The  astonishing  heat  tliat  it  must  have  it- 
ceived  from  the  sun  in  its  perihelion,  Sir  Isaac  Ncr- 
ton  calculates  to  be  20,000  times  the  heat  of  redkt 
iron.  And  the  distance  to  which  it  goes  from  thcsa 
suggests  to  us  an  idea  of  the  inconceivable  distana 
of  the  fixed  stars;  as  even  at  its  greatest  excursiont 
must  still  be  nearer  to  the  sun  than  to  the  nearest^ 
the  fixed  stars,  of  whose  attraction  it  must  keepclea, 
in  order  to  return  periodically  round  the  sun. 

THE  TRUTH  OF  THE  COPERNIC  AM  SYSTEM. 
In  the  foregoing  description  of  the  solar  system, *c 
have  taken  notice  of  the  phenomena  that  hiivc  two 
observed  to  take  place  among  the  heavenly  bocBts. 
We  now  assert  farther,  that  these  are  just  such  astkt 
ought  to  be,  upon  the  supposition  that  the  copernicn 
system  is  true;  and  that  they  nrc  inconbistcnt  will 
cither  the  tychonic  or  ptolemeari  hypotheses.  Thp 
orbits  of  the  inferior  planets  encompass  the  sua,bnt 
the  earth  is  placed  on  the  outside  of  these  orbits,  ml 
consequently  the  ptolemean  system  is  false,  as  imp- 
poses  the  earth  to  be  the  center  of  their  motions,  asd 
that  their  orbits  are  includid  by  the  orbit  of  the  salt- 
And  these  planets  are  found  on  all  sides  of  the  sun 
both  east  and  ucst  of  him,  as  »vell  as  beyond  him  and 
between  him  :uid  us:  tlit-reforc  they  must  surround  the 
sun,  and  the  earth  be  uilhout  of  their  orbits,  accotding 
to  the  copemican  system.  Besides,  if  the  orbits  of  the 
inferior  planets  surrounded  the  earth,  they  would  some- 
times  be  found  in  opposition  to  the  sun.  though  tfccj' 
never  are  seen  in  opposition  to  him,  but  have  two 
conjunctions  wiili  him  in  every  revolution.  Merciin" 
is  never  seen  above  2.3  degrees  from  the  sun,  aod 
\'enus  not  more  than  about  48  degrees.  These  tilings 
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iHt  necessary  consequences  of  the  copcrnican  systerti, 
i*Eit  impossible  upon  the  ptolcmean  hypothesis.  Be- 
sides, their  apparent  diameters  increase  and  diminish 
by  turns,  as  they  should  do  upon  the  coptrnican  hy. 
pothesis,  whereas  they  should  never  vary  by  the  pto- 
lemean.  In  a  word,  their  stations  on  each  side  of  the 
sun,  their  direct  and  retrograde  motions,  their  transits 
over  the  sun's  disk,  and  their  different  phases  of  illu- 
mination, are  such  as  they  should  be  in  the  copernican 
system,  but  impossible  in  the  ptolemean. 

The  earth  is  not  at  rest  within  the  orbits  of  the 
superior  planets,  as  is  supposed  both  in  the  tychonic 
and  ptolemean  systems;  for  upon  this  supposition,  the 
superior  planets  could  nEver  appear  stationarj'  or  re- 
trograde  in  their  motions;  but  according  to  the  coper- 
nican sjstem,  they  ought  to  appear  stationary,  direct, 
and  retrograde,  exactly  in  the  places  where  they  are 
actually  found  to  be  so.  As  the  phenomena  of  the 
heavenly  motions  are  inexplicable  by,  and  inconsistent 
with,  the  schemes  of  either  Ptolemy  or  Tycho  Brache, 
they  must  be  erroneous;  and  as  the  copernican  system 
solves  every  phenomenon  without  exception,  there  can 
be  no  solid  objection  brought  against  it;  and  it  should 
therefore  be  accounted  true.  Especially,  when  we  add, 
the  grand  newtonian  argument  for  the  truth  of  the 
copernican  sjstem;  that  all  the  various  combinations 
of  their  motions  are  the  direct  result  of  the  single 
principle  of  gravitation,  which  pervades  the  whole 
system,  and  regulates  all  the  complicated  motions  ol 
both  planets  and  comets,  in  all  (heir  different  orbits. 
This  force  is  directly  proportional  to  the  quantity  of 
matter  in  the  revolving  bodies,  and  inversely  as  thi. 
squares  of  their  distances  from  each  other;  from  whence 
it  follows,  that  the  squares  of  their  periodical  times  ve 
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as  the  cubes  of  their  mean  distances  from  tlie  uomBm 
center  of  gravity:  and  every  one  of  them  desoSxi 
equal  areas  in  equal  limes.  The  moon  is  retained  i» 
her  orbit,  by  the  same  force,  that  causes  a  heavy  brfj 
here  to  descend  16  feet  in  a  second  of  time.  The  njoon 
of  Jupiter  and  Saturn  revolve  round  their  primario, 
by  this  law,  and  all  the  planets  and  comets  rcvdr 
round  the  sun  by  the  same.  But  if  the  sun  and  moa 
be  supposed  to  revolve  round  the  earth  by  this  law. 
the  sun's  period  would  be  no  less  than  475  yeanl 

DISTANCES  AND  PARALLAXES  OF  THE  PLANETS. 

Th  e  distances  of  the  planets  from  the  sun  are  fouod 
by  means  of  their  parallaxes. 

The  parallax  of  a  heavenly  body  is  the  difleraa 
bet%veen  tlie  places,  among  the  stars,  in  which  h  wotii 
be  seen  by  a  spectator  at  the  center,  and  at  the  suite 
of  the  earth.  Consequently  it  is  the  measure  of  At 
angle  under  which  the  semidiameter  of  the  eailh  i) 
seen,  from  the  heavenly  body.  Therefore,  as  a  specta- 
tor at  the  center  of  the  earth  would  see  an  object  fa 
the  same  place  in  the  heavens,  as  a  spectator  on  ti 
surface  would  see  it,  when  in  his  zenith,  the  pant- 
lax  of  Any  object  in  tlie  zenith  is  nothing,  and  it  gra- 
dually increases  with  its  distance  from  the  zenith  niitil 
it  appear  in  the  horizon,  when  it  will  be  greatest.  So 
that  the  horizontal  parallax  is  the  greatest,  and  iht 
parallax  at  any  other  altitude  is  as  the  cosine  of  Uic 
altitude,  or  sine  of  the  zenith  disUtnce.  As  the  troc 
place  of  a  planet  is  the  place  in  which  it  would  appor 
from  the  center  of  the  earth,  the  apparent  place,  to 
which  it  is  referred  by  a  spectator  on  the  surfecc  of 
the  earth,  must  always  be  lower  than  the  true.  As  the 
parallactic  angle  of  a  celestial  object  is  always  sul>> 


tended  by  the  semidiameter  of  the  eartli,  it  must 
less  as  the  distance  of  the  object  from  the  earth  i 
creases.  So  that  the  distance  of  the  heavenly  bodies 
inversely  as  their  parallaxes.  That  is,  the  greater  their 
parallax  is,  the  less  is  their  distance.  The  parallax  of 
a  planet  at  any  altitude  is  to  the  semidiameter  of  the 
earth,  as  the  sine  of  its  2enith  distance  is  to  its  dis- 
tance from  the  center  of  the  earth. 

If  we  therefore  could  find  the  parallax  of  any  planet, 
we  could  easily  determine  its  distance  from  tlie  earth, 
by  the  foregoing  analog)'.  Or  if  we  had  the  horizontal 
parallax  of  a  planet,  we  could  find  its  distance  by  this 
analog)':  as  the  tangent  of  the  horizontal  parallax  ista 
radius,  so  is  the  eartii's  semidiameter  to  tJie  distance 
of  the  planet  from  the  earth.  Thus,  if  the  sun's  hori- 
zontal parallax  be  8  ".65,  as  it  was  found  to  be  at  the 
late  transit  of  Venus,  we  find  his  distance  from  us, 
by  the  preceding  analogy,  to  be  95,173,117  miles. 

As  the  periodical  times  of  all  the  planets  are  known 
from  observation,  if  the  mean  distance  of  any  one  of 
them  be  found  by  means  of  its  parallax,  the  distances 
of  all  may  be  found  by  the  proportion,  before  men- 
tioned, between  the  mean  distances  and  periods. 

But  the  parallax  of  the  planets  and  comets,  on  ac- 
.  count  of  their  great  distance,  is  so  small,  that  it  cannot 
be  directly  observed  with  sufKcicnt  precision,  for  so 
nice  an  aft'air  as  the  determination  of  their  distances, 
as  it  amounts  to  a  few  seconds  only;  and  an  error  of  a 
single  second,  in  observing  the  parallax,  would  proi^uce 
an  error  of  some  millions  of  miles  in  the  distance. 

The  most  certain  way  of  determining  the  parallax 
of  the  sun,  is  by  observing  that  of  Venus;  because 
she  is  nearer  to  us  than  any  of  the  planets  in  her  infe- 
rior conjunction;  and  consequently  slie  has  a  larger 
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parallax,  and  therefore  it  may  be  observed  with  greater 
precision.  But  Venus  at  that  time  is  too.  near  to  the 
sun  to  be  seen  by  us;  as  her  enlightened  disk  is  thfcn 
turned  from  us/unless  she  should  then  be  in  or  nev 
to  one  of  her  nodes,  when  she  would  i^pear  like  t 
black  spot  on  the  face  of  the  sun.  These  transits,  finom 
the  laws  of  her  motion,  happen  very  seldom.  Three 
only  have  been  observed;  and  from  the  two  last  of  themi 
in  the  years  1761,  and  1769,  the  parallax  of  the  sun 
has  been  calculated  to  be  but  8''.65.  Dr.  Halley  first 
proposed  this  use  of  the  transits  of  Venus,  and  they 
have  been  accordingly  observed  by  the  astronomers 
of  the  present  day,  with  great  diligence  and  success. 

To  give  a  general  idea,  how  this  important  obser- 
vation may  be  made,  without  entering  into  the  minu- 
tiae of  calculation  necessary  in  this  nice  affiur,  we  sfaaD 
just  mention  the  outlines  of  the  business.    . 

Let  ABD*  be  the  earth,  V,  Venus  in  her  orbit,* 
S  the  eastern  limb  of  the  sun,  and  Fe£  the  sphcit 
of  the  fixed  stars.  To  a  spectator  at  B,  Venus  appears 
just  entered  on  the  sun  at  S,  and  her  place  among  die 
fixed  stars  is  £;  while  to  a  spectator  at  A,  her  place 
among  the  stars  is  at  F,  and  the  arch  F£,  or  angk 
FV£=AVB  is  her  horizontal  parallax:  but  the  arch 
Ee,  or  angle  eS£=:BSA  is  the  horizontal  parallax  of. 
the  sun.  The  difierence  of  these  parallaxes  is  F£,  or  the 
angle  VAv,  called  the  parallax  of  Venus  from  the  sun; 
and  may  be  measured  by  the  difierence  of  time  be- 
tween the  internal  contact  of  the  limbs  of  Venus  and 
4he  sun,  as  observed  at  the  places  B  and  A,  when  the 
velocity  of  Venus  in  her  orbit  is  previously  known 
from  the  tables  of  her  motion.  Now  in  the  triangle 

<^  See  Plate  15.  Fig.  ). 
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SV,  the  proportion  between  the  sides  AS,  AV,  is 
known  by  the  periodical  times  of  the  earth  and  Venus; 
as  also  the  ratio  between  AV  and  VS.  Hence  the  ho- 
rizontal parallax  of  the  sun  is  found  by  saying.  As 
\'S :  AV  :  :  the  horizontal  parallax  of  Venus  from 
the  sun  :  the  horizontal  parallax  of  the  sun  on  the 
day  of  the  transit;  then  as  the  sun's  distance  from  die 
earth  on  the  day  of  the  transit  is  to  his  mean  distance, 
so  is  his  horizontal  parallax  on  the  day  of  the  transit, 
found  as  above,  to.his  horizontal  parallax  at  his  mean 
distance. 

In  this  method  of  determining  the  parallax  of  the 
sun,  the  observations  should  be  made  in  two  places 
90  degrees  apart;  one  of  the  observers  having  the  sun 
in  his  meridian  or  near  to  it,  and  the  odier,  in  the  ho- 
rizon. But  as  this  may  be  difficult,  the  observations 
may  be  made  in  two  places  at  any  other  considerable 
distance  from  each  other;  where  the  difference  of  times 
between  the  observations  ivill  be  great,  occasioned  by 
the  parallax  of  Venus  from  the  sun;  from  which  his 
parallax  may  be  ascertained.  And  when  his  parallax- 
is  once  determined,  we  have  sufficient  data  to  deter- 
mine the  distances  of  all  the  planets  of  the  solar  sys- 
tem, from  the  known  proportion  of  their  periodical 
times:  and  then,  from  their  apparent  diameters  at  these 
known  distances,  their  real  diameters  and  bulks  may 
be  found;  their  bulks  being  as  the  cubes  of  their  di- 
ameters; the  diameter  of  the  earth  being  found  from 
different  measures  of  a  degree  of  the  meridian,  in  dif- 
ferent latitudes,  compared  together. 

The  parallax  of  the  sun  being  found  by  observa- 
tions of  this  kind,  the  distances  of  all  the  planets  arc 
found  to  be,  \vhat  we  have  already  given  in  a  prece- 
ding lecture.  And  to  this  important  observation  wc 
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^rc  indebted  for  all  the  precision  we  have  now  acquutd 
in  the  distances  and  dimensions  of  the  solar  system. 
The  diurnal  parallax  of  a  heavenly  body  always  de- 
presses it  in  a  vertical  circle;  and  consequently  wiB 
produce  a  parallax  of  right  ascension  and  of  decfim- 
tion,  excepting  when  it  is  in  the  meridian,  whentk 
whole  parallax  is  in  declination:  it  will  also  produce! 
parallax  of  longitude  and  latitude;  excepting  whok 
the  vertical  circle,  in  -which  it  appears,  is  a  secondaij 
of  the  ecliptic,  when  the  whole  parallax  will  be  in  lati- 
tude. The  stars,  from  their  immense  distance,  havt 
no  parallax. 

ELLIPTIC  ORBITS  OF  THE  PLANETS. 

The  orbits  of  the  planets  differ  but  little  from  or- 
cles,  though  all  in  reality  are  ellipses,  having  the  s» 
in  the  lower  focus.  If  the  velocity  of  a  planet  in  its 
orbit  were  such  as  it  would  acquire  by  falling  thnx^ 
one  fourth  of  its  diameter,  that  velocity  would  be  jusl 
sufficient  to  retain  it  in  a  circle;  and  it  would  revolie 
in  it,  without  approaching  towards  or  receding  firoB 
the  center  of  force.  This  balance  between  the  ceotnl 
and  projectile  forces,  must  soon  however  have  been 
destroyed  by  the  mutual  attractions  of  the  planets,  had 
it  even  been  so  constituted  at  first.  The  projectile  and 
centripetal  forces  conspiring  together  in  some  degfce 
during  one  half  of  its  elliptical  revolution,  the  planet 
will  thereby  be  brought  within  the  circle,  and  approach 
nearer  to  the  central  body;  whence  its  velocity  will 
ut  last  become  more  than  sufficient  to  retain  it  in  the 
circle,  and  consequently  it  will  then  recede  from  the 
center  of  force:  but  the  projectile  and  centripetal  for- 
ces now  acting  in  some  measure  against  each  other, 
the  velocity  will  gradually  decrease,  until  it  become 
less  than  what  would  be  necessary  to  retain  it  in  a 
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circle,  when  it  arrives  at  its  aphelion.  In  that  point, 
having  the  same  velocity,  that  it  had  at  the  beginning, 

•  b  will  describe  the  same  ellipsis  over  again,  in  the  next 

■~  revolution. 

'  Hence  all  the  planets  are  observed  to  move  with 
different  velocities  in  different  parts  of  their  orbits; 
sometimes  slower  and  sunittimes  faster,  than  what 
would  be  necessary  to  describe  their  whole  orbits  in 
their  periodical  times,  which  velocity  is  therefore  called 
their  mean  motion.  And  hence  our  summers  are  eight 
days  longer  than  our  winters;  or,  the  sun  takes  eight 
days  more  to  go  from  the  venial  to  the  autumnal  equi- 
nox, thun  to  go  from  the  autumnal  to  the  vernal  equi- 
nox. Because  in  the  summer  season,  the  earth  passes 
through  her  aphelion,  where  her  motion  is  slowest, 
about  the  30th  of  June;  as  it  is  also  quickest  on  the 
aOth  of  December,  when  the  earth  passes  by  her  peri- 
helion. Since  we  are  nearer  to  the  sun  in  winter  than 
in  summer,  his  diameter  must  then,  of  course,  ap- 
pear larger.  Accordingly  we  find  that  his  diameter 
in  summer  is  31'  33",  whereas  in  winter  it  is=32'  38". 
His  daily  motion  in  aphelion  is  57'  12'',  in  perihelion, 
61'  12'',  and  at  the  mean  distance  59'  8". 

As  the  elliptic  orbits  of  the  planets  are  nearly  cir- 
cles, the  distance  between  the  centers  and  foci  is  but 
very  small  in  any  of  them,  being  largest  in  Mercury. 
If  the  mean  distance  of  any  planet  from  the  sun  be  di- 
vided into  1000  parts,  the  eccentricities  of  the  several 
planets  will  be  as  follows;  Mercury's  210,  Venus's  7, 
the  Earth's  17,  Mars's  93,  Jupiter's  48,  Saturn's  55, 
Herschel's  82,034. 

All  the  planets  are  regulated  in  their  motions  by  this 
fundamental  law;  that  however  variable  their  velocities, 
yet  in  their  orbits  thev  describe  areas  proportional 
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to  the  times  of  description.  In  order  to  find  their  places 
in  their  orbits,  astronomers  have  contrived  the  follow- 
ing method.  They  have  supposed  a  body,  revolving 
in  a  circle  with  an  equable  motion,  to  have  commenced 
its  motion  from  the  aphelion  of  the  planet  at  the  same 
time  with  it,  and  to  complete  its  revolution  in  the 
same  time  with  the  planet  The  motion  of  this  body 
is  called  the  mean  anomaly  of  the  planet;  and  as  it 
would  be  sometimes  before  and  sometimes  behind 
the  planet,  the  difference  between  them  being  added 
to  the  mean  anomaly  or  subtracted  from  it,  as  occasion 
may  require,  will  give  the  true  place  of  the  planet  in 
its  orbit.  As  the  real  place  of  the  planet  in  its  orbit 
is  tlie  same  with  the  mean,  both  at  the  aphelion  .and 
perihelion,  there  will  be  no  equation  to  be  added  or 
subtracted  at  these  points:  but  the  mean  motion  \riU 
be  greater  than  the  true  motion  from  the  place  of  the 
aphelion  to  the  place  of  the  mean  distance,  or  near  to 
it,  when  the  equation  to  be  subtracted  from  the  mean 
anomaly  will  be  the  greatest  possible,  in  order  to  give 
the  true  place  of  the  planet.  From  that  place  to  the 
perihelion  the  mean   place    will  be    still  before  the 
true  place  of  the  planet  in  its  orbit;  but  the  difference 
Avill  gradually  grow  less  and  less,  till  it  vanish  at  the 
perihelion,  where  the  mean  and  true  places  will  be  the 
same.  So  that  the  equation  of  the  center  will  be  sub- 
tractive  from  the  mean  anomaly  to  give  the  true  place 
of  the  planet,  from  the  aphelion  to  the  perihelion,  or 
while  the  mean  anomaly  is  less  than  six  signs;  and  for 
the  same  reason  it  will  be  additive  for  the  other  six 
signs,  or  from  the  perihelion  to  the  aphelion. 

When  the  time  of  the  passage  of  the  planet  through 
its  aphelion  is  previously  known  by  observation,  and    ' 
tlic  mean  anomaly  is  determined  from  the  periodical 
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time,  the  planet's  place  is  easily  fenown,  by  applying 
the  equation  of  the  center,  according  as  it  is  additive 
or  subtractive.  This  will  give  the  planet's  distance 
from  its  aphelion.  But  its  distance  from  the  first  point 
of  Aries  is  also  found,  by  first  knowing  the  distance 
of  the  aphelion  from  the  first  point  of  Aries,  and  the 
motion  of  the  aphelion,  if  it  have  any.  Astronomers 
have  disposed  these  motions  for  all  the  planets  in  pro- 
per tables,  to  facilitate  the  calculation  of  their  places. 
The  table  of  its  mean  motion  shows  its  distance  from 
the  first  point  of  Aries,  and  of  its  mean  anomaly  from 
the  aphelion;  and  tlie  equation  of  the  center  is  the  dif- 
ference between  Uie  mean  and  true  anomaly. 

It  is  found  that  the  place  of  the  earth's  aphelion  is 
not  stationary,  but  moves  forward  from  west  to  east 
.at  the  rate  of  16  seconds  of  a  'degree  in  a  year,  in  re- 
spect  to  the  fixed  stars,  or  50"  -f- 16"  =  66",  with  respect 
to  the  equinoxes.  The  place  of  the  sun's  apogee  on 
the  first  of  January,  in  tlie  year  1760,  was  3'  8°  47' 
25". 

It  is  found,  from  observation,  that  the  orbits  of  the 
other  planets  are  quiescent,  and  their  aphelion  points 
are  found  to  be  in  the  following  places,  viz. 

The  aphelion  of  Mercury  in  /   12"  44'  0" 
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Venus .  .  . 

.=    4  ]9  54 

Earth . . . . 

.  ►>    8  47  25  variable. 

Mars  .  .  . . 

.w    0  31  54 

Jupiter.. . 

.  ^    9     9  54 

Saturn.  .  . 

.  /  27  49  54 

Herschcl . 

.  »  17  13  17 
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EUEMENTS  AND  CONSTRUCTION  OF    - 

SOLAR  TABLES.  .     - . 

That  you  may  have  soAie  idea  of  the' huniier bf 
which  astronomers  have  ahived  at  the  knowtodgl^ef 
the  dimensions  of  the  solar  system,  and  tbe^pofidte 
and  motions  of  the  planets,  We  diall  g^ve  ]rda  afiipr 
examples  relative  to  the  earth;  fixim  iitliiBoe''ja 
may  learn,  that  by  similar  observations  and  fliethoii 
they  have  determined  the  same  of  the  othtf  pkuielii 
As  the  latitude  of  the  place  of  observation  u  a  princi- 
pal element  in  all  astronomical  observationa,  we  sfad 
begin  with  the  method  of  finding  it. 

TO  FIND  THE  LATITUDE  OF  A  PLACE. 

Observe  the  greatest  and  least  meridional  aUtndEl 
of  any  star  near  the  pole.  If  both  the  aldtiidca  be  oo 
the  same  side  of  the  zenith  with  the  pcde,  half  ifadr 
sum  is  the  latitude;  but  if  the  observations  be  on' dif- 
ferent sides  of  the  zenith,  half  their  difierence  is  Ae 
co-latitude.  There  will  be  a  necessity  of  correctiiy  Ac 
observed  altitudes  for  refraction.  The  pole  star  itadf 
may  do  very  well  for  this  purpose.  There  will  be  abbot 
twelve  hours  between  the  observations;  and  thttcfae 
they  must  be  made  when  the  night  is  more  than  twdve 
hours  long.^ 

TO  FIND  THE  OBLIQyiTY  OF  THE  ECLIPTIC 
TO  THE  EQJJATOR. 

Let  the  meridian  altitude  of  the  sun's  center,  wiiich 
is  always  in  the  ecliptic,  be  observed  on  the  days  of 
the  summer  and  winter  solstice;  the  difierence  of  diesc    ; 

♦Sec  Piste  15.  Fig.  2. 
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altitudes  is  tlie  distance  of  the  tropics  from  each  other, 
and  half  this  quantity  will  be  the  obliquity  of  the  ecliptic. 
Or  the  meridian  altitude  lessened  by  the  co-latitude 
at  the  summer  solstice,  or  the  co-latitude  lessened  by 
the  altitude  at  the  winter  solstice,  will  give  the  ob- 
liquity sought.  From  the  mean  of  a  number  of  good 
■  observations  made  in  the  year  1772,  the  obliquity  of  the 
ecliptic  to  the  equator  was  found  to  be  23°,  28'.  And 
distant  observations  when  compared  together  prove 
that  it  decreases  at  the  rate  of  about  half  a  second  per 
annum. 

In  this  last  way,  the  declinations  of  the  planets  or 
fixed  stars  are  found;  observing  that  their  declination 
is  of  the  same  or  a  contrary  name,  viz.  north  or  south, 
witli  the  latitude  of  the  place,  according  as  its  com- 
plement is  less  or  greater  than  the  altitude. 

TO  FIND  THE  TIME  OF  AN  EQUIKOX. 

In  a  place  whose  latitude  is  known,  observe  the 
meritlian  altitudes  of  the  sun's  center  on  the  day  of 
the  equinox,  and  also  on  the  days  preceding  and  fol- 
lowing it;  then  the  difference  between  these  altitudes 
and  the  co-latitude  will  be  the  sun's  declinations  on 
these  days,  and  at  the  times  of  the  observations. 

If  either  of  these  altitudes  should  prove  to  be  equal 
to  the  co-latitude,  that  observation  was  made  at  the 
time  of  the  equinox;  but  if  not,  the  time  of  it  may  be 
thus  found. 

Let  DG*  represent  the  equator,  AC  the  eclip- 
tic, E  the  equinoctial  point,  and  AD,  BF,  CG,  the 
declinations  of  the  sun  at  the  limes  of  the  observa- 
tions. Now  the  angle  AED  being  the  known  obliquitj- 

•  SeePlalc  is.  Fig.  3- 
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of  the  ecliptic^  we  have  it  and  the  dteliiiatians  in  flle 
triangles  C£G,  B£F,  from  which  we  may  find  die 
arcs  C£y  BE,  from  the  two  last  observations.  Then 
say,  as  BC :  BE  : :  24  hours :  the  time  fiiom  the  aeoeolil 
observation  to  the  equinox.  Thus  ms^  the  quantiqr 
of  the  tropical  year  Jbe  determined  by  coknparing  iu^ 
tant  oDservations  together.  But  the  tropical  yew  miy 
be  more  accurately  determined  by  a  calcidaticm  of  die 
moments  of  the  solstices;  for  the  invention  of  whid 
method  we  are  indebted  to  Dn  Halley.  The  d^nacV" 
vation  is  exceedingly  easy,  and  the  calculaticm  not 
difficult.  It  is  as  follows: 


TO  FIND  THE  TIME  OF  THE  SOLSTICE 

FROM  0B8BRVATX0K. 

Let  AVO*  represent  a  small  portion  of  the  tropic 
near  the  solstice,  and  K  VN  a  part  of  the  ecliptic.  Sup- 
pose the  sun's  places  on  three  several  days  near  the 
solstice  to  be  K,L,M,  then  on  the  meridian  he  will  be  ia 
H,F,G,  the  relation  of  which  may  be  determined  bjr  Ac 
shadow  of  a  stile,  ab,  projected  on  a  board,  cd,  perpendi- 
cular to  his  rays  at  noon.  From  any  given  point  as  c, 
measure  ch,  cf,  and  eg,  on  the  noons  of  the  three  days, 
then  ch— -cf=fh,  and  eg — cf=:fg.  By  these  means  wc 
liave  the  proportion  of  distance  of  FH,  FG;  for  fh :  % 
::FH:FG. 

It  is  known  by  geometry,  that  the  distances  A V,  TV, 
are  to  each  other  as  the  squares  of  the  subtenses  AK, 
TL,  so  that  the  curve  will  have  the  property  of  a  pa- 
rabola, of  which  the  solstitial  colure  VH  will  be  the 
axis;  in  which  having  the  three  points  H,F,G,  we  can 
find  TV,  the  time  from  the  second  observation  to  tb5 

*  See  Plate  16.  Fig.  1. 


solstice,  which  let  be=x,  in  the  following  mannex- 
Let  the  time  from  the  first  to  the  second  observation  be 
=ra,  and  the  time  from  the  second  to  the  third  observa- 
tion be=na,  then  we  have  AV=:a+x,  and  VE=na — x. 
Let  FH=c,  FG=d,  and  let  the  paran^eter  of  the  para- 

X* 

bola  be  p.  Hence  x'=VFxp,  and  VF=— .  In  like 

•.r»T    a'+2ax+x*       .  .,-^     nV — 2nax+x* 
manner,  VH= ,  anq  VG= 


P        '  P 

Therefore  FH=VH— VF=?^±?^=c.   FG=VG— 

P 

--^    nV — 2nax     ,      ,       -  2?+2slk    nV— 2nax 

VF= =d:  wherefore  p= = ^ — ^; 

p  '^        c  d 

a    en ""— d 
and  by  reducing  the  equation  we  have  x=  x -r-. 

which  gives  this  analogy.  As  cn+d :  en'— d : :  -  :  x. 

But  if  the  third  observation  be  nearer  to  the  solstice 

a    cn^ I d 

than  the  second,  x=-x 5. 

'       2   en — d 

To  illustrate  this  by  an  example.  We  find  that  in 
the  year  1500,  Bernard  Walker,  in  the  city  of  Nurem- 
berg, observed  the  chords  of  the  sun's  zenith  distances 
as  follows: 

June  2.  45467 

8.  44975 

9.  44934 
12.  44883 
16.  44990 

Now  if  we  take  the  observations  of  the  2,  9,  16,  of 
June,  at  7  days  apart,  where  a=7,  and  n=;l,  we  have 
c=533,  d=56 — c— d=477,  and  c+d=589;  and  589 : 
477 : :  3.5 :  x=2**,  20**,  2",  which  added  to  the  middle 
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observation,  will  give  the  time  of  the  solstice  Jm 
11*,  20',  2',0.S. 
In  like  manner,  if  we  take  the  observations  (rf  ibe 
8',  1 2',  1 6',    the  solstice  will  be     1 1",  20',  23',  ttS. 

8,  9,  16,  1  I,    20,  2(), 

9,  12,  16,  11,   20,  38, 
And  taking  the  mean  of  these  four  determinatjon^ 

we  have  the  time  of  the  solstice  June  \l*,20^,S6t 
O.  S.  or  June  21',  20',  26',  N.  S. 

Gassendus  also,  at  Marseilles,  in  the  year  1636, 
measured,  by  a  stile  55  feet  high,  the  proportion  oi 
the  gnomon  to  its  solstitial  shade,  on  the  days  bcfoR 
and  after  the  summer  solstice,  and  the  proportiaM  of 
the  measures  wei'e  as  follows. 

June  10.  31766 

20.  31753 

21.  31751 
23.  31759 


By  tompftrin^ 


"^  J  30.21,  K, 
'^''  1  19.  ao.  32. 
"^     ll9,21,2d. 


I.  June  20*.  IP,!!. 
20*.  1^,*, 

By  the  mean  of  all,  the  time  of  the  solstice  was  Jone 
20*,  16\  56',  N.  S.  which  is  l^  3",  SO-  sooner  than  by 
the  observation  of  1300,  which  was  136  years  beftte 
it;  of  this  l^  l\  3'6.8  was  owing  to  the 
of  the  equinox,  which  makes  the  tropical  year  lesa 
the  civil  year  by  11',  18". 


[SIP 


Let  two  observations  be  selected  among  those  <rf 
greatest  authenticity  on  record,  of  the  time  when  ihe 
*un  had  like  positions  with  regard  to  his  loii^tudc, 
which  determine  the  lengtJi  of  the  tropical  yctf; « 


__  with  regard  to  some  noted  star,  and  from  thence  de- 
termine the  length  of  the  sidereal  year;  or  with  regard 

■^to  the  line  of  the  apsides,  and  from  thence  find  the 
■length  of  the  anomaHstical  year.  These  observations 
■should  be  as  distant  as  possible,  thai  the  whole  time 
■elapsed  being  divided  by  the  number  of  revolutions, 

syre  may  obtain  the  more  accurate  result.  According 

!.•  to  Mayer's  tables,  these  years  are  as  follows: 
'  Tropical  aeS-"  5"  48'  42" 

R  Sidereal  365    6      9      7 

AnomaHstical  365  6  15  29 
he  tropical  year  being  2Q'  25"  shorter  than  the 
c  sidereal,  shows  that  the  sun  has  returned  to  the 
same  point  of  the  ecliptic,  with  respect  to  the  begin- 
ning of  any  of  the  signs,  before  he  has  arrived  at  the 
same  point  with  respect  to  the  stars.  And  consequently 
any  cardinal  point  of  the  ecliptic,  such  as  the  equinoxes 
or  solstices,  has  a  retrograde  motion  towards  the  west, 
at  the  rate  of  about  50".:3  per  annum.  For,  365^,  f,\  9", 
7" :  360° : :  2U',  23":50".3=;the  precession  of  the  equi- 
noxes in  a  year, 

A  sidereal  revolution  being  performed  in  6'  22"  less 
time  than  the  anomatistical,  shows  that  the  sun's  apo- 
gee, from  whence  this  revolution  is  computed,  advances 
about  i5".7  of  a  degree  towards  the  cast  per  annunk 
For,  365'"  6"  15'  29':  360°:  :  6'  22":  I5".7  =  the  an- 
nual  motion  of  the  sun's  apogee  towards  the  east. 

The  length  of  the  year,  deduced  from  a  comparison 
of  distant  observations  made  at  or  near  the  time  of  the 
sun's  passing  his  apogee,  is  less  than  that  deduced  from 
the  like  observations  when  he  is  about  passing  his 
perigee,  therefore  a  mean  between  them  should  be 
chosen;  or  the  length  of  the  year  should  be  determined 
3N 
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by  observations  made  when  the  sun  is  at  his  mean 
distance. 

TO  FIND  THE  SUN'S  LONGITUDE. 

Having  a  clock  regulated  to  mean  time,  observe  4e 
time  when  a  star,  whose  right  ascension  is  known, 
passes  the  meridian,  and  also  when  the  sun  passes  the 
meridian:  the  difiercnce  of  these  times  gives  the  right 
ascension  of  the  sun.  From  the  right  ascension  of  the 
sun  and  the  known  obliquity  of  the  ecliptic,  find,  by 
spherical  trigonometr)%  the  longitude;  from  which  his 
place  in  the  ecliptic  will  then  be  known. 

TO  FIND  THE  GREATEST  EQUATION  OF  THE  CENTER. 

At  the  times  when  the  sun  is  near  his  mean  dis- 
tances, find  his  longitude,  and  the  difference  between 
these  two  longitudes  will  give  his  real  motion  for  that 
interval.  From  his  periodical  time  find  also  his  mean 
motion  for  that  interval;  then  half  the  difference  be- 
tween his  true  and  mean  motions  will  be  the  greatest 
equation  of  the  center. 

Thus  by  obscrva- 
lions  at  Greenwich, 

1769,  October,    -       <>l  :3l' 49'  12"  M.T.OLonj^.  6»    9»;^2'  0".6 
and  also,  in  the  fol- 
lowinj;  year  1770, 

March,     -     -     -      29*1   0'»   4' 50"  M.T.QLonj^.O*   8»50'27".6 
The  difference  of 
time  is     -     -     -     178«i   O^  1 5'  38"  Diff.  Long.      5»  29o  18'  27" 

The  tropical  year  is  365^  5^  48'  42"=365.2421527. 
The  observed  interval  178*  0^*  15'  38",  which  is« 
178.01085648.  Then  say  as  365.2421527  :  178. 
01085648  ::360'>:  175^455948,  mean  motion,=y25* 
27  21",  which  answers  to  5»  29°  18'  27".  Half  their 
difference,  viz.  1°  55'  33''  is  the  greatest  equation  of 
ihc  center,  which  was  required. 


P  FIND  illE  KCXEVTItlClTV,  APHELION  AKD  PF.HIIIELIOS 

Say,  as  the  diameter  of  a  circle  in  degrees  is  to 

ne  in  equal  piirts,  so  is  the  greatest  equation  of 

Center  in  degrets,  to  the  eccentricity  in  equal  parts;  then 

;  the  sum  and  difference  of  the  mean  distance  and  eccen- 

-  tricity  will  respectively  give  tlie  aphelion  and  perihelion 

t  distances   of  the   earth.    As    3.1415926  :  1  :  ;  360*  ; 

,  114.591599  parts  equal  to  the   diameter.    Then  as 

114.591599: 1000  &c.  the  meandistance  : :  \'55  33"=^ 

1.9268166  :  0.0168066=the  eccentricity  of  the  earth's 

orbit.   Hence   l.O16S06=the  aphelion  distance,  and 

'  0.983194=the  perihelion  distance. 

■lO  FIND  THK  SUN'S  MEAN  ANOMALY. 

Let  the  epocha  of  the  sun's  passage  through  his 
apogee  be  accurately  determined;  then  say,  as  a  solar 
ycflr  of  365''  5''  48'  42"  :  360"  :  :  the  time  since  the 
'stin's  passing  through  his  apogee  :  the  degrees  of 
his  mean  anomaly.  Or  the  sun's  mean  motion  for  the 
given  time  may  be  taken  from  the  tables  of  the  sun's 
mean  motion,  and  this  will  be  his  mean  anomaly.  The 
tables  of  his  mean  motion  give  his  distance  from  the 
first  point  of  .Aries,  and  this  motion  lessened  by  the 
motion  of  the  apogee  gives  his  mean  anomaly,  or  mean 
longitude;  which  corrected  by  the  equation  of  the 
center  will  give  his  true  longitude, 

TO  FIND  THE  SUN'S  HIGHT  ASCENSION. 

The  latitude  of  the  place  being  known,  Gnd  the 
sun*s  meridian  altitude,  from  whence  his  declination 
is  obtained;  with  which  and  the  known  obliquity  of 
the  ecliptic  his  right  ascension  is  found  by  trigonome- 
try, thus.  As  tangent  obliquity  :  radius:  :  tangent  de- 
clination :  sine  right  ascension. 
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TO  COMPUTE  THE  ECJUATION  <Sf  TIME 

The  equation  of  time  is  the  difference  bctwa 
mean  and  apparent  noon,  and  consists  of  two 
one  arising  from  the  obliquity  of  the  ecliptic, 
other  from  the  sun's  unequal  motion  in  his 
orbit,  and  may  be  computed  in  the  following 
ner. 

The  difference  between  the  mean  and  true  anomi- 
lies,  or  the  equation  of  the  center  converted  iiUo  time, 
is  the  first  pij-t  of  it.  With  the  sun's  longitude  and 
obliquity  of  the  ecliptic  compute  the  sun's  right  asotn- 
sion,  and  the  difference  between  the  longitude  and  right 
ascension  when  turned  into  time,  gives  the  other  psL 
Then  the  sum  or  difference  of  these  will  give  thenrtiflk 
equation. 

A  botar  day  is  the  interval  between  two  sucocsun 
transits  of  the  sun  over  the  meridian,  which  is  alw^ 
more  than  a  revolution  of  the  earth  on  its  axis,  andM 
a  mean  rate  is  measured  by  360°  59'  8 ";  though 
times  more  and  sometimes  less,  because  of  the  sub's 
unequal  motion  in  right  ascension.  But  a  sidereal  du 
is  the  interval  between  two  successive  transits 
same  star  over  the  meridian,  and  is  always  the 
being  measured  by  3G0",  and  is  equal  to  5J3* 
of  a  mean  solar  day:  because  the  difference 
a  mean  solar  day,  and  a  sidereal  day,  viz.  S9'  8"^; 
converted  into  time,  gives  3'  56"  oftime;  which 
that  if  a  star  come  to  the  meridian  at  any  hour,  4' 
will  come  to  the  meridian  again  3'  56"  before  the 
same  hour  on  the  next  day,  by  a  clock  %vhich  mcasuRS 
a  mean  solar  day  by  24  hours.  The  true  and  man 
solar  days  are  never  equal,  but  when  the  sun' 
in  right  ascension  is  equal  to  59'  8";  which  hi 


the  sub's 
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about  Feb.  11,  May  14,  July  26,  and  November  1. 
The  accumulation  of  these  differences  produces  the 
equation  of  time. 
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TO  IIND  A  TRUE  MERIDIAN  LINE 

This  may  be  done  in  various  ways,  some  of  which 

■Unay  be  accomplished  with  more  accuracy  than  others. 
Two  of  ihe  best  I  shall  now  mention.  Having  a  clock 
■    well  regulated  to  mean  time,  and  a  transit  telescope, 
I:    let  the  telescope  be  placed  in  the  meridian,  as  nearly 
^    as  can  be  guessed  at,  by  the  pole  star;  and  observe 
3    the  transits  of  two  stars,  one  to  the  north  and  the  other 
;r    to  the  south,  whose  difterence  of  right  ascension  is 
3    accurately  known,  and  does  not  exceed  a  quarter  of 
J    an  hour.  Noxv,  if  the  difference  of  the  observed  times 
of  passing,  be  the  same  with  the  difference  of  right 
,    ascensions,  the  telescope  is  in  the  meridian.  But  if  the 
-^    northern  star  pass  the  meridian  first,  as  will  be  the 
,     case  with  0  Ursa  minorJs,  and  J3  Libra,  and  the  in- 
I     terval  of  observed  time  be  greater  than  the  difference 
[     of  right  ascensions,  the  telescope  verges  towards  the 
[     east  of  the  north  meridian,  and  thereby  proSongs  the 
observed  interval.  If  therefore  in  the  next  revolution 
of  the  northern  star,  it  be  kept  on  the  middle  wire  of 
the  telescope  for  half  the  number  of  seconds,  by  which 
the  observed  interval  exceeded  the  true  difference  of 
right  ascensions,  the  telescope  following  the  star  for 
that  time,  and  then  be  suffered  to  remain  in  that  posi- 
tion, it  will  now  be  exactly  in  the  meridian. 

But  if  the  observed  interval  be  less  than  the  calcu- 
lated difference  of  right  ascensions,  the  telescope  verges 
towards  the  west  of  the  true  meridian;  and  therefore 
the  southern  star,  in  the  next  revolution,  must  be  kept 
on  the  middle  %vire  of  the  telescope  for  half  the  number 
of  seconds,  by  which  the  calculated  difference  of  right 
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ascensions  exceeds  the  observed  interval  of  their  psb* 
sage. 

OTHERWISE  THUS. 

At  a  season  of  the  year  when  the  nights  are  moR 
than  twelve  hours  long,  choose  a  northern  star  ths 
does  not  set,  and  observe  its  passage  both  above  anl 
below  the  pole,  across  the  middle  wire  of  the  teles- 
cope, placed  nearly  in  the  meridian,  noting  the  tiroes 
by  the  clock.  Now  if  the  interval  of  time  between  the 
passages  of  the  star  above  and  below  the  pole  be  equal 
to  half  a  revolution  of  the  stars,  as  measured  bv  the 
clock,  the  telescope  is  precisely  in  the  meridian.  But 
if  the  star  below  the  pole  come  later  to  the  telescope 
than  half  a  revolution  of  the  stars,  after  it  has  passed 
above  the  pole,  the  telescope  verges  to  the  east  of  the 
north  meridian:  and  if  the  contrary,  it  verges  towards 
the  west.  The  error  of  the  telescope  may  then  be  cal- 
culated and  corrected  by  this 

RULE. 

To  the  proportional  or  logistical  logarithm  of  half 
the  difference  between  half  a  revolution  of  the  star  and 
the  interval  of  the  two  observations,  add  the  logarithm 
cosine  of  the  star's  polar  distance,  the  logarithm  cosine 
of  the  latitude  of  the  place,  and  the  logarithm  secant  of 
tlie  star's  altitude;  and  the  sum,  rejecting  30  from  the 
index,  will  be  the  proportional  or  logistical  logarithm 
of  the  time  between  the  observation  of  the  star  above 
or  below  the  pole,  and  the  true  time  of  its  passage 
over  the  meridian. 

EXAMPLE. 

Suppose  |3  Ursa  minoris,  whose  polar  distance  is 
14°  35'  30",  and  whose  altitude  above  the  pole,  at 
Philadelphia,=54''  S3',  and  altitude  when  on  the  me- 
ridian below  it=:25''  22\  was  observed,  at  Phiiadcl- 
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phia,  whose  latitude  is  39^  ST  30",  to  pass  through 
the  telescope  at  9^  0'  0"  by  the  clock,  which  loses  4" 
of  solar  time  per  day;  and  again  to  pass  under  the  pole 
'  through  the  telescope,  remaining  in  the  same  vertical 
position,  at  9^  3'  16";  to  find  the  deviation  of  the  tele- 
scope from  the  meridian. 

As  the  clock  loses  4"  per  day,  instead  of  12  hours, 
it  counts  for  half  a  revolution  only  11^  59'  58" 

To  which  add  the  time  of  the  star's  pass- 
ing above  the  pole,  viz.         -  -  9     0     0 

the  sum  would  be  the  time  of  its  passing 

under  the  pole,  viz.         -         -         -  8  59  58 

had  the  telescope  been  right;  but  it  was 
observed  actually  to  pass  at  P.  at      -  9     3  16 

The  telescope  therefore  verges  to  the  eastward  of  the 
meridian,  because  the  star  passes  3'  18''  later  than  half 
a  revolution. 

3'  18" 
To  the  prop.  log.  of  — 5— =1'  39"   2.0378 

add  cos.  pol.  dist      14  35  30  9.9858 

cos.  lat.  Philad.  39  57  30  9.8846 

sec.  alt  *above  the  p.  54  33  10.2366 

sum ofthese log. abating30 from ind.    2.1448=1'  I7''.4 
rrerror  in  time  of  telescope  above  the  pole. 
'  For  the  error  of  the  telescope  by  the  observation 
below  the  pole. 

To  prop.  log.  of      1  39  2.0378 

add  COS.  pol.  dist.  14  35  30  9.9858 
cos.  lat.  Phil.  39  57  30  9.8846 
sec.  alt.  *  25  22  10.0440 


1.9522=2' 0".6=  the 
error  of  the  telescope  below  the  pole. 


472 

If  the  star,  therefore,  in  its  next  revolution  above  the 
pole,  be  followed  by  the  telescope  for  1'  17"-4of  time, 
and  the  star  be  kept  on  the  wire  during  that  time,  ihe 
telescope  will  then  be  in  the  meridian;  in  which  a 
mark  should  be  fixed,  so  as  to  regain  the  direction  ar 
pleasure.  If  the  telescope  had  verged  too  much  to  the 
westward,  the  star  must  be  followed  in  its  passage  un- 
der the  pole,  during  the  time  of  the  error  of  positioB 
under  the  pole, 

DEMONSTRATION. 

Let  Z*  be  the  zenith  of  the  place  of  observatioD,  P 
the  pole,  and  Z  AB  the  position  of  the  telescope  near 
to  the  meridian  ZPC;  A,  B,  the  places  of  the  circum- 
polar  star  observed  above  and  below  the  pole.  As  the 
telescope  is  supposed  to  be  placed  nearly  in  the  me^ 
ridian,  the  angle  PZA  is  but  small,  as  is  also  the  an- 
gle ZPA,  which  measures  the  difference  of  time  be- 
tween that  of  the  star's  passing  through  the  telescope, 
and  of  its  passing  over  the  meridian  above  the  pole. 
For  the  same  reason,  AB  may  be  considered  as  equal 
to  2AP.  The  supplement  of  the  angle  APB,  is  the 
difference  between  half  a  revolution  of  the  stars  mea- 
sured by  the  clock,  and  the  interval  of  time  between 
the  star's  passing  the  telescope  above  and  below  the 
pole,  which  is  to  be  found. 

As  S,  AB=S,  2AP :  S,  APB,  : :  S,  AP  :  (S,  PBA 

PATi  ^QPA•7  S,APBxS,AP  S,APBxScc-AP; 
orPAB=)S,l  AZ=: g,  2AP    = 2 

because  half  the  secant  of  an  arch,  is  as  the  sine  of  the 
arch  divided  by  the  sine  of  double  the  arch.  In  the 

triangle  APZ,  As  I,PZ :  (S,PiVZ=)?^^^^xSec,AP 

•  Sec  Plate  15.  Fig.  4. 
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S.PB    Sec.  APxS.AP    S.APB 
S,PZ         ~     2       ^ 

^  =  the  deviation  of  the  telescope  from  the  meri- 
dian. 

But  in  triangle  APZ,  as  S.AP  :  (S,PZA^)^'^'^^x 
T,AP      „  .„    „  ._„     S,APB   S,AZ    T,AP 

sTpz  ''  ■   '      ■  ^'^^^'^ — ''s;?^ ''"s:ap" 

S,APB    S.AZxScc.AP      ^,   .„„       , 

— 9 —  ^ ><py ~  S,APZ  =  the  error  of  the 

telescope  in  azimuth. 

Now  the  value  of  the  angle  APZ  may  be  calcula- 
ted from  this  value  of  it  by  a  table  of  common  loga- 
rithms; but  if  we  desire  the  value  immediately  in  time, 
or  in  parts  of  a  circle,  by  a  table  of  logistical  or  pro- 
portional logarithms,  we  must  use  the  reciprocal  of 
each  term  in  the  above  theorem,  according  lo  the  rule 
which  Ave  have  already  given. 


When  the  telescope  is  fixed  in  the  meridian,  and 
moves  only  in  a  vortical  circle,  observe  the  appulse  of 
the  sun's  limbs  to  the  perpendicular  wires  of  the  teles- 
cope, noting  die  time  by  the  clock.  Then  half  the 
time  M'liich  the  bodj'  of  the  sun  takes  to  pass  a  wire, 
being  added  to  the  time  of  the  western  Umb's  appulse 
to  the  middle  wire,  gives  the  time  of  his  center  pass- 
ing the  meridian,  or  apparent  noon  by  a  dial;  which  is 
converted  into  tlic  mean  noon  of  llie  clock,  by  the 
equation  of  time  being  added  or  subtracted. 

At  nighi,  observe  when  a  known  star  passes  the 
meridian,  and  note  the  time;  thdn  from  the  right  ascen- 
30 


I 
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sion  of  the  star,  subtract  the  right  ascension  of  tbesu^ 
computed  up  to  the  time  of  the  star's  passage,  iml 
the  reniiundcr,  when  less  than  12  hours;  is  the  liiDCof 
the  star's  culmination  after  noon;  but  when  more,  ik 
overplus  above  12  is  the  time  after  midnight.  Thcdit 
fcrence  between  this  calculated  lime  and  the  obsemd 
time,  gives  the  error  of  the  clock,  by  which  itmaTbt 
regulated. 

OTHER  METHODS  OF  FINDING  THt:  APPARENT  IISCE- 

Observe  the  altitude  of  the  sun  in  a  place  vrhose 
latitude  is  known:  and  correct  the  observation  far  re- 
fraction and  parallax,  so  as  to  obtain  the  correct  alti- 
tude. To  the  logarithm  sine  of  half  the  sum  of  ik 
zenith  distance,  co-latitude  and  polar  distance,  add 
the  logarithm  sine  of  the  said  half  sum  lessened  br 
the  zenith  distance,  and  also  the  arithmetical  comnk- 
ment  of  sines  of  the  co-latitude  and  polar  distanct; 
then  half  the  sum  of  these  logarithms  will  be  tbc  lcs>- 
rithm  co-sine  of  half  the  hour  angle  from  noon,  wlDCh 
convert  into  time,  at  the  rate  of  fifteen  degrees  br 
every  hour. 

The  distance  of  a  star  from  the  meridLtn  is  faui 
in  die  same  manner  as  the  distance  of  the  sun,  fimn  Ac 
observed  altitude,  and  consequently  the  time  of  Jk 
culmination,  which  is  the  difference  between  itsMt 
ascension  and  the  right  ascension  of  the  sun,  by  wUA 
the  time  of  the  night  may  be  found.  These  altindEI 
should  be  taken  when  the  sun  or  star  alters  its  althodt 
fastest,  that  is,  when  due  east  or  west,  or  as  near  to 
that  position  as  possible,  as  the  result  wiii  thercbf  be 
the  more  accurate. 

But  the  method  by  equal  altitudes  is  mttcfa  nwct 
accurate,  and  is  as  follbws.  Let  the  altitude  of  the  sn 
or  star  be  observed  by  a  Hadley's  quadrant,  or  equal 
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altitude  insirument,  while  the  object  is  on  the  ca&t 
side  of  ilie  meridiari;  and,  the  instrument  remaining  set 
to  the  same  altitude,  observe  when  tlie  object  has  the 
same  altitude  again  on  the  west  side  of  the  meridian, 
and  note  both  the  times;  then  half  the  sum  of  these  limes 
increased  by  six  hours,  will  be  the  time  when  the  star 
was  on  the  meridian;  but  there  must  be  an  allowance 
made  for  the  change  of  the  sun's  declination  in  the  inter- 
val of  the  observed  altitudes.  This  correction  in  the  la- 
titude of  Philadelphia  may  amount  to  near  a  quarter  of 
a  minute,  and  is  found  ready  calculated  among  astro- 
nomical tables. 

The  method  of  observing  the  sun  is  this.  Note 
the  time  when  the  preceding  limb  touches  each  of 
the  horizontal  tvires,  when  the  observation  is  made  by 
the  transit  instrument,  while  he  is  on  the  cast  side  of 
the  meridian;  and  in  the  afternoon,  when  the  sun  des- 
cends to  the  same  altitude,  having  turned  the  instru- 
ment round  on  its  axis,  still  preser\'ing  the  altitude  of 
rhe  telescope,  observe  the  appulse  of  the^  preceduig 
limb  of  the  sun  to  the  first  horizontal  wire,  and  write 
down  the  time  opposite  to  the  last  observed  lime  in 
the  forenoon;  also  the  time  of  its  appulse  to  the  second 
wire,  write  opposite  to  the  last  observation  but  ojte 
in  the  forenoon,  and  so  on  to  the  last.  Half  the  sum 
of  any  two  corresponding  times,  increased  by  six 
hours,  gives  the  time  of  apparent  noon  nearly,  to  be 
corrected,  as  above,  by  the  equation  of  corresponding 
altitudes;  and  the  mean  of  the  six  sets  of  such  obser- 
vations will  give  the  apparent  noon  within  a  second. 

When  the  observation  is  to  be  made  with  the  com- 
non  reflecting  quadrant,  stand  in  such  a  position,  that 
yxm  may  see  the  image  of  the  sun  reflected  from  a  ba- 
,juan  of  oil  or  mercury,  and  bring  the  image,  formed  by 
Ibit  double  reflexion  of  the  instrument,  a  little  below 
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the  image  seen  in  the  bason,  and  screw  the  index  i^ 
without  altering  until  the  afternoon  observation  wt 
over.  In  a  little  time  tlie  limbs  of  the  two  imaf^-svB 
be  ill  contact,  which  time  note  doivii  as  tJK  first  A* 
servation;  when  the  cemerij  are  coincident,  note  iht 
time  also  for  the  second;  and  finally,  when  Ihc  Itmbi 
are  in  contact  before  the  separation  of  the  imagrs,  (ct 
the  third  and  last  observation.  In  like  munner  make 
the  afternoon  observations,  ami  write  them  down  in  a 
inverted  order,  as  before  directed,  and  dctluce  the  lUne 
of  apparent  noon  from  them,  correcting  the  meao  bj 
the, equation  of  corresponding  altitudes.  The  elontaB 
of  solar  tables  being  dttermined  by  the  preceding 
methods,  the  tables  themselves  may  be  easily  eoft- 
structed  in  the  following  manner. 

If  360°  be  divided  by  the  length  of  a  solar  revohi* 
tion,  the  quotient  will  be  0°  59  8  for  the  motiooof 
one  day,  and  its  muhiples  show  the  mean  motion  for 
any  number  of  days.  The  iwenty-fourth  part  of  it 
gives  the  /nean  motion  for  an  hour,  and  in  like  nUB- 
ner  for  any  other  time. 

Let  the  time  of  his  entering  the  first  point  of  Aries 
be  well  ascertained  by  observation,  when  his  nmo 
motion  from  Aries  is  nothing;  his  mean  motion  then- 
fore,  for  as  many  days,  hours,  and  minutes,  gs  bufr 
elapsed  from  the  noon  of  the  first  day  of  Januarr 
time,  subtracted  from  360°,  will  be  the  mean 
for  the  beginning  of  that  year;  for  astronomers 
the  year  at  that  time.  To  this  add  the  motion  for 
days,  and  the  sum  will  give  the  mean  motion  for  tix 
succeeding  year.  Thus  you  proceed  for  three  yean; 
but  because  the  fourth  is  bissextile,  containiog  S66 
days,  the  mean  motion  of  one  day  more  roust  ^adt- 
ded,  to  have  the  motion  for  the  beginning  <rf  i 
like  maimer,  the  radical  mean  motion  for  any 


"  being  lessened  by  tlie  multiples  of  the  yearly  motions, 
"^  observing  to  allow  for  leap-years,  will  give  the  mean 
*  motions  of  any  preceding  years. 
■  By  the  same  nietliod,  llie  mean  motion' of  the  apogee 
■f  from  Aries  being  66  ptr  annum,  its  multiple  will  give 
91  the  mean  motion  of  the  apogee  for  any  given  time. 
I  Let  the  place  of  the  sun's  apogee,  and  the  lime  of 
s  Ins  passage  through  it,  be  accurately  determined  by 
.  observation,  when  tlie  motion  of  the  apogee  isnothing; 
t  then  the  distance  of  the  apogee  from  Aries  is  known. 
1  Let  this  distaTice  be  lessened  by  the  apogeon  motion 
V.  from  the  beginning  of  the  year  to  the  time  of  passing 
I  the  apogee,  and  you  will  have  the  motion  of  the  apogee 
I  at  the  beginning  of  the  year.  Then  that  radical  mean 
motion  being  increased  or  dimini^ihcd  by  the  multiples 
;  of  the  yearly  motions,  will  give  its  mean  motions  for 
I  any  succeeding  or  preceding  years.  And  the  sun's 
r  mean  motion  for  any  time  being  lessened  by  the  mo- 
[  tion  of  his  apogee,  gives  his  mean  anomaly  for  that 
thne,  to  which  applying  the  equation  of  his  center, 
his  longitude  will  be  obtained. 

The  table  of  equation  of  the  center  is  thus  con- 
structed. To  every  degree  of  mean  anomaly  assumed, 
find  the  true  anomaly,  and  the  dilTerence  between  these 
will  be  the  equation  of  the  center.  If  these  equations 
be  computed  for  six  signs,  the  equations  for  the  other 
six  signs  are  the  same,  only  placed  in  an  inverted  or- 
der; because  equal  anomalies  are  at  ec|ual  distances, 
on  each  side  of  cither  apsis. 

THE  CIVIL  YEAR. 
!n  order  to  record  past  transactions,  mankind  soon 
found  it  necessary  to  have  some  large  measure  of 
time,  such  as  a  year,  wliich  they  naturally  deduced 
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Irom  the  return  of  the  same  seasons,  for  procuriif  M 
gathering  the  fruits  of  the  earth.  This  tliey  haresah- 
dividcd  into  months,  and  these  again  into  wetbrf 
seven  days  eitch.  Observing  that  the  moon  appcairf 
to  pass  through  all  her  phases  about  12  times  iait 
return  of  the  sainc  suasons,  they  divided  the  year  iM 
nveh'e  months,  of  about  30  days  each;  so  that  the  j« 
of  the  ancients  consisted  of  360  days.  But  in  procai 
of  time,  they  found  that  this  method  of  estinui 
length  of  the  year  did  not  agree  with  the  revoli 
the  sun;  which  put  them  upon  various  ways 
reeling  it,  either  by  adding  a  few  days  even,'  yi 
a  whoie  month  after  a  certain  number  of  yeuis. 

At  length,  Julius  Caesar,  about  forty  years  befottAt 
commencement  of  the  christian  ^ra,  look  this  traDbk 
some  affair  in  hand.  Having  obtained  from  Syst^enei, 
an  eminent  mathematician  of  Alexandria,  infonnaliai 
that  the  lengdi  of  the  soUu-  year  was  about  365  darsanA 
a  quarter;  hence  he  ordered  that  the  year  should  coossl 
of  365  days  for  three  years  together,  and  that  even 
fourth  year  should  contain  366.  This  intercalary  day, 
every  fourth  year,  \vas  inserted  after  the  23d  of  Feb- 
ruary; which,  in  their  way  of  reckoning  the  day&of  the 
month,  was  called  the  sixth  of  the  calends  of  Matcli, 
sextilis  calendarum.  This  sixth  of  the  calends  w* 
reckoned  twice  that  year,  or  the  23d  and  24lh  of  Feb- 
ruary were  both  called  the  sixth  of  the  calends  rf 
March,  and  hence  the  year  obtained  the  name  of  bo- 
sextile.  In  our  almanacks,  this  day  is  added  after  tk 
28th  of  February. 

The  above  is  called  the  Julian  account,  or  old  styk, 
from  this  rectification  of  Julius  Cassar,  who  thought  be 
had  thereby  made  the  civil  year  to  keep  pace  with  tbc 
solar  year;  so  that  the  equinoxes  and  st^stices 
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constantly  return  on  the  same  days  of  the  month,  iu 
all  succeeding  years.  But  this  mean  length  of  the  civil 
year,  viz.  365  days  and  six  hours,  exceeds  the  tropi- 
cal year  of  365*  5^  48'  57",  by  11'  3",  which  amounts 
to  a  whole  day  in  130  years;  so  that  in  that  space  of 
time,  the  equinoxes  will  anticipate  a  whole  day,  or 
happen  one  day  of  the  month  sooner.  In  400  years 
by  the  Julian  account,  there  would  be  contained  400 
years,  three  days,  one  hour,  fifty-three  minutes  and 
twenty  seconds;  hence  if  three  days  were  left  out  of 
the  civil  account  in  every  400  years,  the  civil  and  solav 
years  would  pretty  nearly  agree  together;  as  the  1** 
53'  20"  would  not  amount  to  a  whole  day  in  less  than 
5082  years,  and  therefore  might  be  neglected  as  incon- 
siderable. 

In  the  year  325  of  the  christian  era,  when  the  coun- 
cil of  Nice  settled  the  canon  for  the  celebration  of 
Easter,  the  equinox  fell  on  the  21st  of  March;  but  in 
the  year  1582  it  fell  on  the  11th  of  March,  10  days 
sooner.  Pope  Gregory  therefore  determined  to  restore 
the  vernal  equinox  again  to  the  21st  of  March,  and 
accordingly  ordered  the  5th  of  October  1582  to  be 
called  the  15th,  and  thereby  struck  out  10  days  from 
the  calendar  in  that  year.  And  to  prevent  the  like  an- 
ticipation of  the  equinoxes  for  the  future,  by  tlie  use 
of  the  Julian  account,  he  ordered  three  days  to  be  left 
out  of  it,  in  every  400  years;  by  making  the  centurial 
years,  not  divisible  by  4,  such  as  1700,  1800,  1900, 
2100,  &c.  to  be  common  years  of  365  davs,  whereas 
they  would  have  been  bissextile,  by  the  Julian  ac- 
count. Thus  while  the  years  1600,  2000,  2400,  arc 
allowed  to  continue  bissextile,  the  three  days  of  anti- 
cipation in  400  years  arc  left  out  of  the  calendar.  This 
rectification  is  called  the  new  stile,  or  Gregorian  ac- 
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coimt.  It  was  immediately  adopted  in  the  counbia 
where  the  Pope's  authority  was  acknowicdged,  bat 
was  not  admitted  in  the  British  domintous,  till  the 
year  1752,  when  they  were  obliged  to  strikeout  U 
days,  which  they  did  by  calling  the  3d  oC  Septonber 
the  14th,  to  bring  the  vernal  equinox  back  to  the  21it 
of  March,  as  it  was  at  the  time  of  the  council  of  Nkt 

ERAS  AND  CYCLES.  ' 

In  computations  of  time,  we  find  it  necessary  to  fii 
upon  some  remarkable  transaction,  as  the  begiDaiag 
of  our  reckoning,  which  is  called  an  era  or  qMfaa. 
Thus  some  compute  from  the  crearion  of  the  wutd, 
4004  years  before  Christ;  the  ancient  Greeks  frem 
the  institution  of  the  Olympiads  of  4  years  each,  776 
years  before  Christ;  the  Romans  from  the  butldBig 
of  Rome,  753  years  before  Christ;  the  Chaldean*  aai 
Egyptians  from  Nabonassar,  king  of  Babvloo,  7*7 
years  before  Christ;  the  Mahometans  from  the  fibin 
of  Mahomet,  called  the  Hcgira,  622  years  after  Chria 
and  Cliristians  from  the  vulgar  account  of  his  birtli, 
which  is  now  generally  accounted  to  be  4  vcan  erro- 
neous, or  too  late. 

Astronomers  have  found  that  their  computaticsi 
are  much  facilitated  by  the  invention  of  certain  cvcki. 
of  which  the  following  are  the  most  remarkable. 

The  Cycle  of  the  Sun,  is  a  period  of  28  years,  aStB 
wliich  the  same  day  of  the  month  returns  ou  the  stac 
day  of  the  week,  and  the  dominical  letters  return  in 
the  same  order.  If  365  be  divided  by  7,  it  will  qiwK 
52,  and  leave  a  remainder  of  one,  which  shows  ifc* 
there  are  52  weeks  and  one  day  in  a  common  jt«r. 
that  the  first  and  last  days  of  the  year  arc  on  the  sax 
day  of  the  week,  and  consequently  that  the  ncxtiliy 


bf  the  week  will  be  ihe  firbt  day  of  the  succeeding 
^   year.  Now  it  has  been  custoniiiry  to  place  the  first 
,    Seven  letters  of  the  alphabet  opposite  to  the  days  of 
the  month,  and  as  there  are  but  seven  days  in  the 
week,  the  same  letter  that  stands  opposite  to  the  Sim- 
■'   day  of  any  week,  will  stand  opposite  to  all  the  Sundays 
'■    of  that  year,  and  is  therefore  called  the  dominical  let- 
ter. Now  the  first  of  January  having  the  letter  A  placed 
opposite  to  it,  in  every  year,  should  this  day  be  Mon- 
•    day,  the  letter  G  will  be  the  tlominical  letter  for  that 
'    year,  and  Monday  will  be  the  last  day  of  the  year;  so 
f     that  the  next  year  beginning  on  Tuesday,  and  having 
I    the  letter  A  placed  opposite  to  it,  F  will  be  opposite 
I    to  all  the  Sundays  of  that  year.  For  the  same  reason, 
E  will  be  the  dominical  letter  for  the  third  year.  Thus 
in  seven  years  all  the  seven  letters  would  be  dominical 
letters  in  their  turn,  beginning  at  the  last  and  going 
on  in  a  retrograde  order  to  the  first,  if  they  were  all 
common  years  of  365  days.  But  as  this  order  is  in- 
terrupted every  fourth  year,  which  contains  36G  days, 
or  52  weeks  and  two  days,  the  next  year  must  begin 
two  days  further  in  the  week  than  the  last,  thereby 
leaping  over  one,  for  which  reason  the  fourth  is  called 
leap-year.  This  series  cannot  return  until  it  be  as  of- 
ten interrupted  as  there  are  days  in  the  week,  that  is, 
seven  times.  Now  as  this  interruption  happens  every 
fourth  year,  and  thereby  one  day  in  the  week  is  passed 
over,  it  will  require  23  years  to  pass  over  all  the  days 
of  the  week,  after  which  time  the  same  days  of  the 
month  will  happen  on  the  same  days  of  the  week,  and 
the  dominical  letter  be  the  same  that  it  was  28  years 
before.  As  the  28th  and  29th  of  February  are  suppo- 
sed  to  have  the  same  letter  affixed  to  each  of  them,  as 
was  formerly  the  case  with  the  23d  and  24th,  when 
3  P 
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Uie  intercalary  day  was  inserted  after  the  23(1  of  tie 
month,  it  is  evident  that  the  letter  which  pointed  wl 
Sunday  before,  will  not  stand  opposite  to  the  Suodin 
after  that  day.  So  that  in  leap-years  there  will  bciw 
dominical  letters,  the  one  serving  for  January  and  FA 
ruary,  and  the  other,  being  the  letter  preceding  it ii 
the  alphabet,  for  the  remainder  of  the  year, 
birth  of  Christ,  9  years  of  this  cycle  of  the  sui 
elapsed:  and  therefore  if  9  be  added  to  any 
year  of  the  christi-n  era,  and  the  sum  be  dWii 
28,  the  quotient  will  show  how  many  complete 
have  elapsed,  and  the  remainder  will  show  w 
of  the  cycle,  the  given  year  is. 

To  find  the  dominical  letter;  to  the  given  y( 
its  4th  part,  rejecting  fractions,  divide  the  SUI 
and  the  remainder  taken  from  7,  leaves  t] 
the  letter  from  the  beginning  of  the  alph* 
years,  it  and  the  foregoing  are  the  dominical  letten. 

The  Metonic  Cycle,  so  called  from  Meton  an  Athe 
nian,  who  invented  it  about  432  years  before  CluDt, 
is  a  period  of  19  years,  containing  all  the  variations  of 
the  days  in  which  the  new  and  full  moons,  with  die 
eclipses  of  the  sun  and  moon  can  happen;  after  iiitidi 
they  occur  again  on  the  same  days  of  the  month,  «i 
which  they  occurcd  19  years  before;  only  with  a  i* 
riation  of  l*"  28'  15'  sooner.  So  that  we  may  ex 
new  or  full  moon  on  the  same  day  of  the  monl 
which  it  happened  19  years  before;  only  thai  i1 
be  nearly  an  hour  and  a  half  sooner  in  the  day.  -I 
anticipation  will  in  a  little  more  than  16  lunar 
or  310.7  years,  amount  to  a  whole  day,  and  it 
anticipated  five  wliole  days  since  the  cotmcil  of 

'  In  the  19th  century,  1800  being  a  commoi^jf 
year,  I  must  be  added  to  this  mmibcr.     Jid. 


If  you  place  a  unit  opposite  to  the  days  of  the  months, 
,  in  which  the  new  moon  happens,  through  the  whole 
;  of  the  first  year  of  the  cycle,  the  number  2  opposite  to 
the  like  days  in  the  second  year  of  the  cycle;  and  so  on, 
through  the  whole  19  years,  you  will  have  by  these 
numbers,  properly  disposed  in  a  table,  the  days  of  the 
month  opposite  to  them,  in  whieh  the  new  moons  hap- 
pen in  each  year  of  die  cycle.  These  19  numbers  for 
their  use  and  excellence,  were  denominated  the  primes 
or  golden  numbers.  But  on  account  of  the  beforemen- 
tioned  defect  of  1''  28  15",  this  table  can  answer  the 
purpose  intended  only  for  310.7  ye!U"s,  and  then  it  will 
Tecjuire  that  these  numbers  lie  set  one  day  higher  m 
the  table,  by  which  a  pretty  regular  correspondence 
may  be  preserved  between  the  lunar  and  solar  years. 
These  golden  numbers  dms  disposed,  must  indicate 
the  number  of  the  current  year  of  the  cycle  at  any 
time.  Now  as  one  year  of  it  was  elapsed  at  the  birlh  of 
Christ,  and  die  prime  was  2  in  the  year  in  which  he 
was  born;  if  we  add  1  to  any  year  of  the  christian 
era,  and  the  sum  be  divided  by  19,  the  remainder  will 
show  the  year  of  the  current  cycle. 

At  the  time  of  the  Nicene  council,  and  for  a  long 
time  after,  it  was  thought  that  19  yeais,  or  228  solar 
months,  were  exactly  equal  to  235  lunar  or  synodical 
months,  and  therefore  that  the  golden  numbers,  set  in 
their  calendars  opposite  to  the  days  on  which  the 
new  moons  happened  through  one  lunar  cycle,  would 
invariably  serve  for  the  new  moons  of  every  succes- 
sive lunar  cycle.  Therefore  they  ordained  that  Easter 
should  be  kept  on  the  first  Sunday  after  the  full  moon, 
which  in  common  years  happened  after  the  21st  of 
March,  or  after  the  20th  of  March  in  bissextile  years. 
Hence  it  can  never  happen  after  ihe  25th  of  April. 
The  epact,  which  depends  upon  this  cycle  of  19 
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years,  indicates  the  age  of  the  moon  at  the  end  of^ 
year.  As  the  time  of  ;i  lunation  is  29 J  days  in  tlicncB. 
est  whole  numbers,  there  are  354  ddyst=\.iixi9.i'm 
the  lunar  year;  but  this  being  11  dayn  less  UuDlk 
solar  year,  it  follows,  that  if  these  years  bhoukl  be|^ 
together  at  a  new  moon,  the  moon  would  uttbemJ 
of  it  be  1 1  diiys  old.  For  the  same  reason,  it  wouUbe 
22  days  old  at  tlie  end  of  the  second,  and  3i  d^ 
old  at  the  end  of  die  third;  but  because  she  wUl  ban 
changed  3  days  before  the  expiration  of  the  yeir,  sbt 
will  only  be  3  days  old,  and  at  tlie  end  of  the  ncH 
14,  &c.  to  the  end  of  the  cycle  of  19  years;  alu'^^R- 
jecting  30  for  an  intercalary  month  added  to  thclna 
year,  when  the  epact  would  exceed  30.  At  the  endrf 
the  cycle,  the  cpacts  would  run  over  again,  iflfat 
cycle  were  perfect,  and  they  would  always  be  II  tinKS 
the  primes. 

To  find  the  epaci;  muhiply  the  golden  number  fix 
the  year  by  11,  divide  the  product  by-  30,  and  froB 
the  remainder  take  11,  if  it  be  greater  than  11,  oridd 
19  to  it  if  it  be  less,  and  the  difference  or  stun  irffi 
give  the  epact,  till  the  year  1900. 

By  the  intercalations  of  seven  months  in  I9lQlsr 
years,  to  the  lunar  year,  each  month  consisting  of  30 
days,  except  the  last  of  29  days,  the  lunur  and  sobr 
years  would  keep  pace  with  each  other,  if  the  Aletoiuc 
cycle  had  been  perfect. 

The  Dionysian  Cycle  or  period,  is  the  product  of 
the  cycles  of  the  sun  and  moon  =28jt  19=532  jxin; 
after  which  time,  not  oiily  the  new  and  fnll  mooas  re- 
turn on  the  same  days  of  the  month,  but  also  tbed^s 
of  the  month  return  on  the  same  days  of  the  wccL 
Being  a  compound  of  the  former  two  cycles,  it  ntoA 
have  the  properties  of  both.  So  that  after  the  expint- 
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tion  of  this  period,  the  dominical  letters,  days  of  the 
week,  and  of  the  month,  with  the  new  and  full  moons, 
return  again  in  the  same  order.  For  this  reason  it  is 
denominated  the  great  Paschal  Cycle,  and  the  Diony- 
sian  Period. 

The  Cycle  of  Indiction  is  a  period  of  15  years,  used 
by  the  Romans  for  indicating  the  times  of  taxation  in 
that  empire;  but  as  it  has  no  connexion  with  the  mo- 
tion of  the  heavenly  bodies,  we  would  have  nothuig  to 
dcf  with  it  in  these  lectures,  had  it  not  been  that  it  made 
an  element  in  another  cycle  which  is  of  much  impor- 
tance in  chronology,  and  which  is  called  the  Julian 
Period,  from  Julius  Scaliger,  who  has  eternized  his 
name  by  the  invention.  Three  years  of  tliis  cycle 
were  elapsed  at  the  birth  of  Christ. 

The  Julian  Period  is  a  cycle  of  7980  years,  arising 
from  the  continued  multiplication  of  the  cycles  of  the 
sun,  moon,  and  indiction.  As  it  consists  of  the  other 
three  cycles,  it  must  commence  when  they  all  began 
together,  being  carried  backwards.  Therefore  its  com- 
mencement is  placed  in  that  imaginary  point  of  time, 
which  was  710  years  before  the  creation  of  the  world; 
so  that  4714  years  of  it  were  elapsed  at  the  birth  of 
our  Saviour.  Being  of  such  extent,  it  comprehends 
all  other  periods,  epochas  and  cycles,  with  all  their 
memorable  transactions,  and  is  not  yet  completed;  so 
that  it  is  well  adapted  to  the  purposes  of  chronology. 

SECONDARY  PLANETS. 

Four  of  the  primary  planets  belonging  to  the  solar 
system,  viz.  the  Earth,  Jupiter,  Saturn  and  Herschel, 

are  attended  in  their  annual  course  round  the  sun  by 

• 

secondary  planets,  usually  denominated  moons.  The 
Earth  has  one,  Jupiter  four,  Saturn  five,  and  Her- 
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schel  two  already  discovered.  All  these  revolve  firm 
west  to  east|  in  the  same  manner  as  their  primaries^ 
in  similar  orbits,  and  observing  the  same  law  of  gn. 
vitation  which  regulates  the  planets  in  their  ellijtt 
orbits  round  the  sun,  with  respect  to  their  periodki 
times  and  distances  from  their  primaries,  and  the  des- 
cription of  areas  proportional  to  the  times  of  descrip- 
tion. The  moons  of  Herschel,  however,  revolve  frai 
north  to  south  nearly. 

The  periodical  times  of  these  moons  are  as  foUom 

OF  JUPITER. 

Distamccs  in  semid's.  of  Jupiter.  IniSA 

1.  Id    18h   28'    36"                     5|  229^75 

2.  3      13      18     50                        9  364,500 

3.  7       3     59     40                       14f^  582^ 

4.  16      18        5        6  25I-J  1,024*651 

*OF  HERSCHEL. 

1.  8       17  1       19 

2.  13     11        5        1.5 

OF  SATURN. 

Distances  in  semid's.  of  Saturn.  la  afles- 

1.  1     21      18     30  8j.  140,000 

2.  2      17     41     22  14  187,000 

3.  3      12     25      12  15  26;^ 

4.  15     22     41      15  36  600,000 

5.  79       7     48  108  lySOO/MO 

OUR  MOON. 

Distances  in  semid'a.  of  Earth.    In  niki 
27       7     43  60.25  240/XX) 

*  The  orbits  of  the  two  discovered  satellites  of  Herschel  lie 
nearly  in  the  same  plane,  and  nearly  at  ri^ht  angles  with  the 
plane  of  the  orbit  of  their  primary:  being  inclined  to  it  ban 

C990  43'  53"  3  J 
angle  of  ^gj     g     4    4\    respectively,  as  determined  by  Mr. 

Herschel  the  discoverer  of  this  planet.  Their  ascending  nodestre 

in  5  *r  ""i^Y'T      I  We  shall  have  eclipses  of  these  said- 
c    6  ofbagittar.3  " 
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These  satellites  sometimes  appear  on  the  east  side 
of  their  primaries  and  sometimes  on  the  west,  and 
arc  at  their  greatest  elongations,  when  a  line  drawn 
from  the  earth  to  them  is  a  tangent  to  their  orbits. 
They  appear  to  us  in  conjunction  with  their  pri- 
maries, either  when  they  are  between  the  earth  and 
their  primary,  or  beyond  it;  the  first  is  called  their  in- 
ferior conjunction,  and  the  other  their  superior  con- 
junction. From  their  greatest  western  elongation  to 
their  greatest  eastern  elongation  they  are  direct  in  mo- 
tion;  and  retrograde  in  the  other  half  of  their  orbits, 

lites  about  the  years  1799  and  1818,  when  they  will  appear  to 
ascend  through  the  shadow  of  the  planet,  almost  perpendicu- 
larly to  the  ecliptic.  They  are  probably  not  less  than  the  satel- 
lites of  Jupiter.  Four  additional  satellites  have  lately  been  dis- 
covered. 

As  the  radius  of  our  moon's  orbit,  which  is  nearly  240,000 
miles,  would  appear  under  an  angle  of  no  more  than  27".  1866, 
if  seen  from  the  mean  distance  of  Hcrschel,  and  his  outermost 
satellite  appears  to  us  under  an  angle  of  44''. 23  at  its  mean  dis- 
tance from  its  primary;  and  the  first  or  innermost  satellite  un- 
der an  angle  of  33",  they  must  be  more  distant  from  their 
primary,  than  our  moon  is  from  us;  the  first  being  nearly  \  far- 
ther, and  the  other  -^. 

Herschel  has  lately  discovered  two  new  satellites  revolving 
round  Saturn  withm  the  five  before  discovered.  The  periodical 
time  of  the  nearest  is  less  than  24^,  and  it  is  but  26''  distant 
from  the  center  of  Saturn,  the  exterior  boundary  of  the  ring 
being  22"  distant  from  the  same.  The  periodical  time  of  the 
second  is  32^  53'  9",  and  the  periodical  time  of  the  nearest  is 
221^  40'  46",  it  is  much  the  smallest  of  the  whole  'system.  The 
distance  of  the  nearest  is  from  the  center  of  Saturn  but  27".366 
and  of  the  second  35".058.  The  revolution  of  the  nearest  is  not 
yet  so  accurately  dctennined  as  that  of  the  others,  arising 
from  its  proximity  to  the  ring.  The  ring  of  Saturn  revolves  in 
lOi^  32'  15",  and  Saturn  himself  in  something  less  than  half  a 
dav 
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namely,  while  they  are  passing  between  the  eaiAari 
their  primaries. 

The  orbits  of  the  satellites  of  Saturn  li*  ncflftrb 
the  plane  of  his  ring  produced,  which  inttrseds  At 
ecliptic  in  an  angle  of  31°,  and  therefore  they  ftJU^ 
pear  to  us  to  move  in  ellipses  similar  to  his  rin^,Hl 
never  in  right  lines,  but  when  tiie  ring  becomes  im 
sible;  the  orbit  of  the  fifth  satellite  only  excqiut 
which  makes  an  angle  with  the  orbit  of  Saturn  ll 
13°  8'.  Their  ascending  nodes,  by  the  obser^-ations  d 
Cassini,  1714,  vi-ere  in  "E  20"  26',  excepting  iha  rf 
the  fifth  which  was  in  3*  20'  of  the  same  sign.  From 
the  inclinations  of  the  orbits  of  Saturn's  satellites, tkf 
can  seldom  pass  behind  the  body  or  ring  of  Saturn,* 
through  his  shadow,  excepting  when  they  arc  near* 
their  nodes.  So  that  their  eclipses  are  but  seldom,  ani 
being  so  distant  from  the  earth,  and  never  seen  bnl 
with  the  best  of  telescopes,  we  can  derive  but  1^ 
advantage  from  observing  them.  They  were  dot* 
vered  gradually;  the  largest  first,  and  aflerwardsAi 
rest,  as  telescopes  wei  e  brought  to  greater  perfection. 
Hugens  first  discovered  the  fourth,  which  is  the 
largest,  in  1655;  the  others  were  discovered  byCB- 
sini,  two  in  1671,  and  the  other  two  in  1686.  Tliej' 
are  not  to  be  seen  but  in  a  serene  night,  and  Willi  i 
very  good  telescope. 


The 


volution  of  the  ncrarest  sat. 

of  the  next 

of  the  outer  ring 


if  Salut 


I  is      0*231'  SfJL 


The  orbits  of  the  satellites  of  Jupiter  lie  neil 
the  plane  of  the  ecliptic,  for  which  reason  thev  gene- 
rally appear  to  us  almost  in  a  straight  line  on  bolk 
sides  of  Jupiter,  passing  over  his  disk  in  tbctr  infaiff 
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conjunctions  and  lying  hid  behind  him  in  their  supe- 
rior conjunctions.  This  is  the  case  with  all  the  satel- 
lites in  every  revolution,  excepting  the  fourth,  which 
for  four  years  passes  above  and  below  the  body  of 
Jupiter.  When  the  satellite  is  concealed  from  us  by 
the  interposition  of  Jupiter,  it  is  called  an  occultation, 
and  when  it  i)asses  through  the  shadow  of  Jupiter,  it 
is  called  an  eclipse,  at  which  time  it  is  invisible  even 
by  our  best  telescopes.  The  three  interior  satellites 
are  eclipsed  in  every  revolution  round  Jupiter;  but  the 
orbit  of  the  fourth  being  a  little  inclined  to  the  eclip- 
tic, and  its  distance  from  Jupiter  so  great,  it  es- 
capes being  eclipsed,  wlien  it  is  above  52  degrees 
from  its  nodes.  The  eccentricities  of  their  orbits  is 
but  small,  the  micrometer  not  showing  any  difference 
in  their  greatest  elongations  at  different  times,  except- 
ing the  fourth,  whose  orbit  is  found  to  be  an  ellipsis^ 
having  its  eccentricity  about  ^^  parts  of  its  mean  dis- 
tance. No  eccentricity  has  yet  been  discovered  in  the 
first  satellite.  The  inclination  of  its  orbit  to  that  of 
Jupiter  was  settled  by  Cassini  at  2^  55'  and  its  ascend- 
ing node  in  ^  15^  Mr.  Dunthorne  has  determined  the 
ascending  node  of  the  second  to  be  in  ^  5**  iuid  to  be 
at  rest;  that  of  the  third  to  be  in  -»  16**  30'  in  the  year 
1727,  moving  forward  at  the  rate  of  8**  in  60  years;  and 
that  in  1730  the  ascending  node  of  the  fourth  was  in 
sss  13**  30',  where  Cassiui  found  it  about  60  years  be- 
fore. 

The  inclination  of  the  orbit  of  the  second  satellite 
is  variable  from  2*  50'  to  3 '  52'.  It  was  least  in  1668 
and  greatest  in  1752,  and  seems  to  have  made  one 
and  a  half  revolution  in  the  intermediate  time.  The 
second  is  supposed  to  have  some  eccentricity,  but  the 
quantity  is  unknown.  The  orbit  of  the  third  has  an 
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eccentricity  about  a  third  part  of  that  of  Venus;  ks 
inclination  to  the  orbit  of  Jupiter  is  also  variable,  it 
was  3°  in  1695,  and  about  3°  24'  in  1765,  when  itias 
near  its  maximum.  Its  apojovium  in  1728  was  inr 
10°,  and  seems  to  move  forward  in  50  years  abort 
90^  Tlie  apojovium  of  the  fourth,  in  1728  was  in  x 
IS''  30\  and  seems  to  move  forward  6U''  in  a  century. 
And  the  inclination  of  its  orbit  is  2^  40\  and  doo 
not  seem  to  vary  above  one  or  two  minutes  aif 
wav. 

The  periodical  times  of  these  satellites  as  given 
above,  are  subject  to  some  variations,  both  on  account 
of  their  mutual  gravitations  to  each  other,  and  the 
progressive  motion  of  light.  The  irregularity  ariaqg 
from  their  mutual  gravitation  seems  to  have  its  {K- 
riod  in  437  days,  in  which  time  the  three  iDtcrior 
satellites  return  nearly  to  the  same  posiiion.  Thisine- 
gulanty  is  small  in  the  first,  smaller  in  the  third,  and 
not  perceptible  in  the  fourth,  but  very  considerable 
in  the  second,  amounting  sometimes  to  near  40  mi- 
nutes. 

The  other  irregularity  is  only  apparent,  as  it  arises 
from  the  motion  of  light,  which  requires  about  dght 
minutes  to  pass  from  the  sun  to  us.  The  distance  of 
Jupiter  from  the  earth  in  opposition,  is  less  than  when 
in  conjunction,  by  the  whole  diameter  of  the  earth's 
orbit;  and  we  accordingly  find  ihat  the  eclipses  of  the 
satellites,  which  happen  in  the  former  case,  are  16 
minutes  of  time  sooner,  than  those  which  happen  in 
the  latter.  From  this  retardation  of  the  time  of  the 
eclipses,  as  Jupiter  is  removing  from  the  earth,  the 
celebrated  Reaumur  determined  the  velocity  of  light 
in  the  above  ratio.  From  this  progress  of  light  vc 
know,  that  we  can  see  a  satellite  8  minutes  after  it  is 
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involved  in  the  shadow  of  Jupiter,  and  cannot  see  it 
for  8  minutes  after  its  emersion. 

The  rays  of  light  emitted  from  the  sun  while  he  is 
in  any  place  do  not  arrive  at  our  eyes,  for  8  minutes 
after  he  has  left  that  place. 

The  beginnings  and  endings  of  the  eclipses  of  Jupi- 
ter's satellites  are  almost  instantaneous,  and  therefore 
are  very  proper  for  determining  the  longitudes  of 
places  on  the  earth.  The  eclipses  of  the  first  are  the 
most  proper  for  this  purpose,  because  of  their  fre- 
quency, and  its  greater  velocity.  As  they  are  the  same 
to  every  spectator  on  that  side  of  the  earth  that  is 
turned  to  Jupiter,  if  two  persons  observe  the  begin- 
ning or  end  of  the  same  eclipse,  called  the  immersion 
or  emersion,  and  note  the  precise  times  of  their  ob- 
servations, the  difference  of  these  times  converted  into 
degrees,  at  the  rate  of  one  hour  for  every  fifteen  de- 
grees, will  give  the  diflFercnce  of  longitude  between 
the  places  of  observation. 

When  Jupiter  is  near  to  his  conjunction  with  the 
sun,  he  and  his  satellites  are  concealed  in  the  rays  of 
the  sun.  From  the  time  of  his  appearing  after  his  con- 
junction till  near  his  opposition,  his  shadow  being 
projected  to  the  right  hand  of  his  body,  the  immer- 
sions of  the  satellites  are  visible  on  the  west  of  the 
planet,  when  they  fall  into  his  shadow.  From  the  op- 
position to  the  conjunction,  his  shadow  being  projec- 
ted to  the  left  hand,  the  emersions  are  visible  on  the 
cast  side  of  Jupiter,  when  they  emerge  out  of  his  sha- 
dow on  that  side. 

The  beginning  and  end  of  tlie  same  eclipse  of  the 
first  satellite  can  never  be  seen  by  us,  because  one 
side  of  the  shadow  of  Jupiter  is  always  hid  behind  his 
body,  at  the  distance  where  the  first  satellite  passes 
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through  it.  Nor  can  they  be  both  seen  in  the  se- 
cond, unless  the  satellite  be  near  to  its  limits,  or  9f 
from  its  node,  and  Jupiter  at  the  same  time  be  nor 
his  quadrature  with  the  sun,  and  near  his  perihelioB. 
As  to  the  third,  when  Juj)iter  is  more  than  46**froii 
his  conjunction  with,  or  opposition  to,  the  sun,  boA 
the  beginnings  and  ends  of  the  eclipse  may  be  sets 
on  the  same  side  of  Jupiter;  as  they  are  also  of  dt 
fourth,  when  Jupiter  is  24*"  from  his  opposition  or 
conjunction.  When  Jupiter  is  in  quadrature  withtk 
sun,  his  shadow  is  then  most  exposed  to  our  view, 
and  the  exterior  satellites  pass  through  so  small  t 
section  of  it,  that  both  the  immersions  and  emersioDS 
are  seen  either  before  or  after  the  occultation  behind 
the  body  of  Jupiter.  When  the  fourth  satellite  isabont 
52^  from  its  node,  the  inclination  of  its  orbit  is  sadi, 
as  to  make  it  pass  either  above  or  below  the  shadoir, 
so  that  it  will  escape  being  eclipsed  for  two  yon 
together,  which  happens  twice  in  every  revolution  of 
Jupiter,  and  therefore  for  two  years  in  every  six  thoe 
are  no  eclipses  of  this  satellite. 

THE  MOON. 

The  moon  accompanies  the  eartli  in  its  levolutiQn 
round  the  sun,  at  the  same  time  revolving  round  the 
earth  as  the  center  of  her  motion,  and  finishing  hw 
period  in  27*"  7**  43',  moving  at  the  rate  of  2290  miks 
every  hour  in  her  orbit.  She  turns  round  her  axis  iu  the 
same  time  that  she  spends  in  going  round  the  earth, 
which  is  the  reason  that  she  constantlv  turns  the  same 
face  towards  the  earth,  so  that  her  day  and  ni^t  is  as 
long  as  her  revolution.  As  her  axis  is  almost  perpen- 
dicular to  her  orbit,  she  has  scarcely  any  change  of 
seasons.  Yet  the  lunarians  may  determine  the  length 
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of  their  year  and  of  ours,  which  is  the  same,  by  ob- 
serving when  either  of  our  poles  begins  to  be  illumi- 
nated. 

As  she  has  no  light  inherent,  and  only  shines  by 
light  from  the  sun  reflected  to  us,  she  exhibits  all  her 
different  phases,  according  as  more  or  less  of  her 
enlightened  side  is  turned  towards  us.  When  she  is 
between  us  and  the  sun,  her  enlightened  side  is  turned 
away  from  us,  and  therefore  she  is  invisible.  When 
she  has  advanced  in  her  orbit  towards  the  east,  a  little 
segment  of  her  enlightened  surface  is  turned  towards 
us,  and  therefore  she  exhibits  the  appearance  of  a  sec- 
tion of  two  circles,  less  than  the  area  of  a  semi-circle, 
until  she  has  arrived  at  QO"*  from  the  sun,  w  hen  the 
segment  of  her  enlightened  surface  appears  to  be  a 
complete  semi-circle.  From  thence  more  and  more  of 
her  enlightened  face  is  gradually  turned  towards  us, 
until  she  come  to  her  opposition,  when  she  shines 
with  a  full  face.  From  thence  to  her  change  again  she 
gradually  assumes  the  same  appearances,  which  she 
exhibited  in  the  first  half  of  her  revolution,  constantly 
turning  her  illuminated  disk  more  and  more  from  the 
earth,  until  she  become  invisible  again  in  her  change. 
All  these  phases  of  the  moon  may  be  exemplified  by 
the  sun  shining  on  a  round  stone  on  the  top  of  a  gate. 
Place  yourself  in  such  a  position  that  the  lower  limb 
of  the  moon  may  appear  to  touch  the  upper  side  of 
the  stone,  while  the  sun  shines  upon  it,  and  the  enlight- 
ened part  of  the  stone,  that  is  then  turned  to  the  e}'e, 
will  appear  precisely  similar  to  that  of  the  moon. 

One  half  of  the  inhabitants  of  the  moon  have  no 
absolute  darkness  at  all;  for  during  the  absence  of  the 
sun,  our  earth  appears  to  them  under  all  the  different 
phases  of  the  moon  to  us,  waxing  and  weaning,  being 


^ 

^H  full  to  them  when  she  is  new  to  us,  and  vice  vtni 

^H  and  afTording  them  thirteen  times  as  much  Itg^K 

^H  tlie  moon  affords  to  us.  It  is  owing  to  the  light  rcl» 

^H  ed  from  the  earth,  that  the  unilluminatcd  part  of  At 

^B  moon  is  visible  to  us  for  a  few  days  after  her  chaop. 

^M  The  inhabitants  of  the  other  half  of  the  moon  ca 

^1  never  see  our  earth,  unless  they  travel  round  totk 

^H  side  that  is  exposed  to  our  view,  and  therefore  tho 

^V  have  no  moon-light  in  the  absence  of  the  sun,  vrlvA 

continues  for  a  fortnight  together.  From  the  center  el 

that  hemisphere  that  is  next  to  us,  the  earth  appeanii 

their  zenith  continually,  neither  rising  nor  setting,  bW 

I  turning  round  on  her  axis,  once  in  24  hours,  tfl 

thereby  affording  to  them  a  complete  and  regular  Ad 
for  tlie  measure  of  their  time,  by  means  of  the  sfoB 
on  her  surface.  From  the  parts  which  appear  to  usK 
the  verge  of  her  disk,  the  earth  appears  in  their  opjXK 
bite  horizon,  ivithout  rising  or  setting,  except  as  tblj 
travel  towards  the  center  of  the  disk,  by  which  mcaM 
the  earth  will  appear  higher  and  higher  until  de 
come  to  their  zenith.  Thus  the  lunarians  can,  from 
the  altitude  of  the  earth  to  tliem,  easily  determine  both 
their  longitude  and  latitude,  with  sufficient  precbton. 
From  die  light  observed  to  surround  tlie  moan  in 
a  total  eclipse  of  the  sun,  some  think  that  she  b  fiir- 
nished  with  a  rare  and  transparent  atmosphere.  But 
others  are  of  opinion,  from  the  sudden  occultaiionof 
tlie  fixed  st:»rs  by  tlie  moon,  without  any  previous 
diminution  of  their  light,  that  she  is  destitute  of  tt 
atmosphere,  unless  it  be  exceedingly  rare:  so  that  die 
stars  will  appear  at  noon  day  to  her  inhabitants,  wfaca 
they  turn  their  backs  to  ihe  sun.  It  is  owing  to  oor 
atmosphere,  that  the  heavens  appear  bright  (o  us,  so 
as  to  obscure  the  btars:  as  we  can  see  them  through  a 
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I.  t  lelescope  or  from  the  bottom  of  a  deep  pit,  In  the 
-r  time,  when  the  glare  arising  from  the  refracted  light  of 
ss  Ae  sun  is  thereby  removed.  If  she  hiive  no  atmosphere 
^  she  can  have  no  twilight,  but  must  sutler  an  immediate 
^.  transition  from  noonday  light  to  midnight  darkness. 
^  Nor  can  she  have  storms  and  rains  as  wc  have. 
.^3       Her  face,  when  viewed  through  a  good  telescoi)e, 
^-  appears  to  be  exceedingly  rough  and  uneven,  diversi- 
—  fied  with  high  mountains  and  deep  cavities,  which  arc 
easily  distinguished  from  each  other,  by  the  difl'erent 
^   projections  of  their  shadows,  from  the  different  posi- 
Q   lions  of  the  sun,  ;ind  from  the  irregular  and  indented 
_    boundary  of  light  and  darkness;  which  if  her  surface 
_    were  smooth  and  even  should  appear  to  be  a  straight 
I    line  at  her  quadratures,  and  a  regular  elliptic  curve  at 
J    every  other  time.  But  it  is  quite  otherwise,  and  al- 
though her  limb  appears  to  be  a  well-defined  circle, 
this  is  owing  to  the  mountains  rising  behind  the  cavi- 
ties, and  by  their  oblique  positions  to  us,  preventing 
us  from  discovering  the  irregularity  of  the  boundary 
of  light  and  darkness,  near  the  Umbj  while  we  can 
easily  see  it,  in  any  other  position.  She  revolves  round 
the  earth  in  an  orbit  inclined  to  the  plane  of  the  eclip- 
tic in  a  variable  angle,  which  is  about  5°  18'  at  a  mean, 
being  sometimes    more  and    sometimes   less.    Tliis 
causes  her  to  appear  to  be  not  quite  round  when  she 
is  full,  near  her  greatest  distance  from  her  node;  a 
small  deficiency  of  light  being  discovered  about  her 
south  pole,  when  she  is  full  in  the  upper  part  of  her 
orbit,  and  a  simitar  deficiency  about  her  nortli  pole, 
when  she  is  full  in  the  southern  part  of  her  orbit;  be- 
cause we  can  at  these  times  see  fardier  than  what  is 
enlightened  by  the  sun  on  one  side,  and  not  so  far  on 
the  other.  Hence  it  is  that  she  will  appear  to  nod  back- 
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wards  and  forwards,  alternately  withdrawing  her  pofa 
from  our  sight. 

As  she  revolves  round  the  earth  in  an  elliptic  orij^ 
she  moves  slower  in  her  apogee,  and  faster  in  in 
perigee  than  at  her  mean  distance,  and  therefore  sis 
will  pass  over  the  lower  half  of  her  orbit  in  less  doK 
than  half  her  revolution,  and  consequently  before  sir 
has  revolved  half  round  her  axis,  tiie  motion  on  whid 
is  equable  and  exactly  commensurate  to  her  periodi- 
cal time.  The  consequence  of  this  is,  that  she  «il 
alternately  exliibit  to  us  a  small  segment  of  her  eastern 
and  western  limbs,  which  causes  her  to  appear  to 
librate  from  east  to  west  on  her  axis. 

Although  the  moon  revolves  round  the  earth  as ber 
center  of  attraction,  and  is  sometimes  between  thesm 
and  earth,  yet  her  path  is  always  concave  towards  the 
sun.  For  she  only  approaches  nearer  to  the  sun  thm 
the  earth  is,  by  240,000  miles,  when  at  her  change; 
but  the  versed  sine  of  half  the  arc  of  the  earth's  motica 
for  a  month  is  at  least  400,000  miles. 

The  moon  when  new  is  more  attracted  by  the  sun 
than  by  the  earth;  because  the  point  in  which  any 
body  situate  between  the  sun  and  earth  would  be 
equally  attracted  by  them,  is  at  least  70,000  miks 
nearer  to  the  earth  than  the  moon  is  at  her  change, 
and  consequently  she  must  be  more  attracted  by  the 
sun  than  by  the  earth  at  that  time.  It  may  then  seem 
strange,  that  she  has  not  long  ago  deserted  the  earth, 
and  revolved  round  the  sun.  But  we  must  remember, 
that  the  distance  between  the  earth  and  moon  is  so 
small,  that  if  the  sun  could  carry  off  the  moon,  the 
earth  must  also  follow,  which  is  prevented  by  the 
projectile  force  of  the  earth.  One  body  would  move 
round  another  in  the  cabin  of  a  ship  under  sail  in  the 
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«ine  manner,  as  if  it  were  at  rest.  For  an  impulse  on 
I  system  of  bodies  affects  them  all  equally,  and  they 
vould  circulate  round  one  another,  by  any  other 
brces,  in  the  same  mimner  as  if  no  such  impulse  had 
Existed. 

TIME  OF  THE  MOON'S  RISING,  AND  HORIZONTAL 

MOON- 

As  the  moon  performs  her  revolution  hi  about  27i 
days,  she  will  advance  to  the  eastward  about  13^  daily, 
and  the  sun  advancing  the  same  way  only  at  the  mte 
of  one  degree  daily,  she  will  gain  on  him  about  12^ 
every  day;  which  to  the  inhabitants  about  our  equator 
will  retard  the  time  of  her  rising  about  48'  daily. 
But  in  diilcrent  latitudes,  this  retardation  will  be  dif- 
ferent, so  that  in  high  latitudes  she  will  rise  for  some 
evenings  together  with  much  less  difference  of  time. 
To  illustrate  this,  we  may  consider  her  path  as  nearly 
in  the  ecliptic,  as  it  differs  from  it  but  about  5"  18'. 
Now  in  high  north  latitudes,  tlic  ecliptic  is  very  much 
inclined  to  the  horizon  about  the  beginning  of  Aries; 
and  therefore  a  short  space  of  time  will  be  sufficient, 
to  bring  30  or  40'  of  the  ecliptic  alcove  the  horizon, 
ill  this  part  of  it,  by  the  rotation  of  the  earth  on  her 
axis.  At  the  poles,  one  half  of  the  ecliptic  newer  sets, 
but  is  constantly  above  the  horizon,  and  therefore 
while  the  moon  is  in  this  half,  it  can  never  set,  nor 
does  it  rise  while  in  the  other  half,  for  a  fortnight  toge- 
ther. Now  the  moon  is  twelve  times  in  the  vear  about 
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the  beginning  of  Aries,  and  must  at  these  times  'rise 
for  a  few  days,  with  ver}'  little  difference  of  time.  But 
her  rising  nearly  at  the  same  hour  for  a  few  days  to- 
nether  is  never  so  particularly  noticed,  as  when  she  is 
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full  about  the  beginning  of  Aries,  and  this  sign  nsai 
the  evening,  the  sun  being  in  the  opposite  sign  lift  ■ 
which  is  in  the  autumn.  The  full  ntuons  at  this  uw 
of  the  year  rising  for  a  few  evenings  togcrher  DCilf 
at  the  Slime  time,  have  occasiontd  them  to  be  paft 
cnlarly  remarktd,  and  to  obuiin  the  name  of  thcilB- 
vest  moons.  In  llie  winter,  this  part  of  the  ccliiilic rial 
at  noon,  and  ifthemoonbeinit,  she  must  thcabcaboi 
her  first  cjuarter,  uhcn  the  time  of  her  riang  is  M 
observed-  hi  the  spring,  it  rises  with  the  sun,  who 
the  moon,  if  in  it,  mubt  be  new,  and  therefore  wm 
ble.  hi  summer,  it  rises  about  midnight,  and  (he  moon 
being  in  it  must  be  in  her  third  quarter,  whea  fcwm 
awake  to  observe  the  time  of  her  rising.  ButinAl 
autumn,  it  rises  in  the  evening,  when  the  moon,  ioit 
must  be  full;  and  therefore  it  is  more  particolartf  ik 
served. 

The  moon  and  sun,  when  seen  in  or  near  the  hotizoB, 
appear  larger,  than  at  any  other  altitude,  ailbottgh  ih^ 
subtend  nearly  the  same  angle.  This  is  owing  to  on 
optical  illusion,  and  the  method  we  have  orjuibnf 
of  distances  by  sight.  We  judge  the  concave  boreas 
to  be  a  part  of  a  greater  sphere,  whereof  the  honzOQ- 
tal  base  is  nearly  four  times  us  long  as  the  hcJEbt 
above  our  heads:  hence  we  naturally  refer  the  sun  and 
moon  to  a  greater  distance  when  seen  in  the  homos, 
than  when  near  the  zenith,  and  therefore  we  jodgt 
them  to  be  larger  to  cause  them  to  appear  under 
same  angle  at  the  eye.  The  indistinctness  with 
they  .ire  viewed  in  the  horizon,  on  account 
greater  refraction  of  the  rays  of  light  through  a 
ser  part  of  the  atmosphere,  may  also  contribute  to  ibis 
optical  deception.  For  observing  that  an  objcd  gfi- 
dually  appears  more  obscure,  as  its  distance  from  the 
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eye  increases,  we  naturally  judge  it  to  be  more  dis- 
tant, the  more  obscurely  it  appears:  and  if  more  dis- 
tant, consequendy  larger.  And  we  arc  also  compelled  to 
judge  the  horizon  to  be  more  distant  than  the  zenith, 
by  the  number  of  intermediate  objects  along  the  hori- 
zon, whereas  we  have  none  between  the  eve  and  the 
zenith.  This  will  contribute  to  the  same  effect. 

LUNAR  INliQUALITIES. 

Astronomers  have  found  that  the  moon  goe$ 
through  her  orbit  from  any  given  star  to  the  same 
again,  at  a  mean  rate,  in  27**  7**  43'  4'';  from  her 
apogee  to  her  apogee,  in  27**  13**  18'  43 ";  and  from 
the  sun  to  the  sun  again,  in  29**  12"*  44'  3  ',\j.  Now 
since  the  moon  is  5^  35'  39"  longer  in  going  from  her 
apogee  to  her  apogee  again  than  from  a  fixed  star  to 
the  same,  this  shows  tliat  her  apogee  moves  from  west 
to  east,  as  she  moves  in  her  orbit.  And  because  she 
requires  less  time  by  2^  38'  27'  to  revolve  from  her 
node  to  her  node  again,  than  from  a  star  to  die  same 
agiun;  this  shows  that  her  nodes  revolve  from  east  to 
west.  So  that  her  apogee  makes  a  complete  revolution 
in  eight  common  years,  311*^  and  8*";  its  annual  motion 
being  40*  39'  52",  and  daily  motion  6'  44"  1".  And 
her  node  makes  a  complete  revolution  in  eighteen 
common  years,  254^  7*^  33',  its  annual  motion  being 
19*  15',  and  daily  motion  3'  10"  38"'. 

A  mean  lunation  is  2^  5^  1'  longer  than  a  periodical 
revolution;  because  the  earth  has  advanced  so  far  in 
her  orbit  during  a  revolution  of  the  moon,  that  it  re- 
quires this  time  for  the  moon  to  advance  to  the  same 
position  again,  with  respect  to  the  sun  and  earth,  that 
she  had  at  the  beginning  of  her  revolution. 
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li  ib^  moan  in  bcr  motion  round  ihr  ^srh  ^sooi^ 
i5e::ed  by  btrr  gravitdiion  towards  ii.  sbt  wtBiH- 
^QTv  lift  S2me  laws  which  regulate  ibe  lardaES  dit 
priman"  pliT^ts.  describing"  areas  proponkait  si 
:2.Tjr-5  ci'  '-••.>criptiun.  But  aS  her  distajjz^  zrtiarxsB 
ia  n-r.-^r  Uic  same  with  that  of  the  exsnit.  sb 
itc:  :'.jt  force  of  his  attraction,  somfzimfr^ 
"iv'vh  the  attractive  force  of  the  e^jxh.  '-•^■d 
Vw".i:.g  against  it,  ;ind  therebr  prodocio?  ^rtsz  rrtp- 
hrities  in  her  motions,  according' to  ber  posstkB&viA 
respect  to  the  sun  and  the  earth. 

When  the  moon  is  in  quadrature,  the  saiwaxfLd 
the  sun  increases  her  gra\  itation  or  tendency  tok 
tzVLTxh,  The  sun's  attraction  affects  bcnh  the  cvdial 
the  moon,  and  did  it  attract  them  in  p»»^HH  lineSiS 
that  if  their  projectile  force  were  dcstrored.  aid  tkr 
were  to  descend  to  the  sun  in  paralki  lines,  sndi  ■ 
attraction  could  not  bring  them  nearer  tcigcdicr  ii 
their  descent;  but  the  sun  attracts  them  in  lines  vUb 
meet  in  the  sun;  and  therefore  the  e&ct  of  this 
tion  of  the  sun  must  be  to  bring  them  nearer 
or  to  increase  the  tendency  of  the  moon  to  tfaeevth 
in  her  quadratures. 

When  the  moon  is  in  the  syzygies*  her  tcndencT 
to  the  earth  is  diminished  by  the  attraction  of  the  son. 
The  sun  attracts  both  the  earth  and  the  mooo,  bat 
with  difitrent  forces,  as  one  is  nearer  to  him  than 
the  other;  and  as  the  attraction  of  two  bodies  is  mo- 
tual,  whatever  diminishes  the  attraction  of  the  earth 
towards  the  moon,  diminishes  the  tendency  of  die 
moon  to  the  earth,  and  therefore  in  the  conjunction 
and  opposition  of  the  sun  and  moon,  their  tendencies 
will,  by  the  lotion  of  thi  sun,  be  diminished.  But  thf 
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diminution  in  the  syzygies  is  double  to  the  augmen- 
tation in  the  quadratures.  Had  this  diminution  and 
augmentation  been  equal,  at  the  octants  the  disturbing 
force  of  the  sun  would  make  no  alteration  in  the  moon's 
tendency  to  the  earth,  but  as  one  is  double  to  the  otlier, 
the  four  points  at  which  they  balance  each  other,  will 
be  about  54°  44'  from  the  syzygies  on  each  side. 

The  diminution  of  the  moon's  gravitation  to  the 
earth  in  the  syzygies,  and  its  augmentation  in  the 
quadratures,  tends  to  flatten  her  orbit  in  the  syzygies, 
and  to  lengthen  it  in  the  quadratures;  so  that  her  orbit, 
even  suppose  it  had  been  circular  at  first,  is  thereby 
made  an  oval  or  ellipsis,  having  the  shortest  diame- 
ter in  the  line  of  the  syzygies,  the  longest,  in  the 
line  of  the  quadratures,  and  the  earth  in  the  center. 
Hence  the  curvature  of  the  moon's  orbit  will  be  great- 
est in  quadrature,  and  least  in  syzygy.  For  when  the 
moon's  tendency  to  the  earth  is  lessened  in  the  syzy- 
gies, she  is  at  liberty  to  proceed  nearer  to  the  direc- 
tion of  the  tangent,  and  therefore  to  run  out  farther 
from  the  earth  by  the  time  that  she  arrives  at  her 
quadratures,  where  her  tendency  becoming  greater 
towards  the  earth,  she  is  again  more  deflected  from 
her  tangent,  and  brought  nearer  to  the  earth  again  in 
the  succeeding  syzygy.  And  as  the  mooh  is  going 
ferther  from  the  earth  as  she  advances  towards  her 
quadrature,  her  velocity  will  be  continually  decreasing 
till  she  arrives  at  that  point,  from  whence  it  will  again 
increase  to  her  other  syzygy.  The  small  quantities 
by  which  the  moon's  velocity  is  diminished  in  going 
from  the  syzygy  to  the  quadrature,  and  is  again  aug- 
mented from  the  quadrature  to  the  s}'zyg}%  grow 
greater  and  greater  from  the  syzygy  to  the  octant,  and 
ihen  lessen  in  thi-  saint-  proportion  from  the  octant  to 
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the  qundi'ature.  It  is  always  in  the  ratio  of  tbeard 
twice  the  moon's  distance  from  the  syzyg}"-  Thiim- 
equality  is  called  the  moon's  variation. 

'I'he  moon  describes  areas  proportional  to  tfaetia« 
in  the  syzygies  and  quadratures,  but  in  do  otherfs 
of  her  revolution.  In  all  others,  the  areas  are  les*! 
proporlioTi  to  the  times;  because  the  sun's 
force  is  in  the  same  direction  ivith  the  earth's, 
sy2)gies  and  quadratures,  but  in  other  places 
to  it,  and  does  not  tend  to  the  earth. 

This  disturbing  force  of  the  sun  produces 
markablc  incquiiUties  in  the  moon's  motion. 

1.  In  the  time  of  several  successive  pci 
volutions, 

2.  In  the  progressive  motion  ofthe  line  of  the  a; 

3.  In  the  variable  eccentricity  oftlie  moon's  ofbit- 

4.  In  the  continual  change  of  the  inclination  affc 
lunar  orbit,  to  the  plane  of  the  ecliptic, 

5.  In  the  retrograde  motion  of  her  nodes, 
1.  The  moon's  orbit  is  dilated  when  the  ci 

perihelion  in  winter,  and  contracted,  when  thc«rfh% 
in  aphelion  in  summer,  and  consequent!)'  tiie  moaa's 
periodical  time  is  longer  in  winter  than  in  simner- 
As  the  moon's  tendency  to  the  earth  is  more  dituMuA- 
ed  than  increased,  upon  the  whole,  by  the  sun's  fijnfc 
and  as  this  force  is  greatest  when  the  sun  is  in  pcribcfi- 
on,  the  orbit  of  the  moon  must  be  more  dilated,  in  tlu> 
situation,  than  when  the  earth  is  in  aphelion;  aiid  there- 
fore the  m{X)n  will  require  a  longer  time  to  perfarm  ba 
revolution,  when  her  orbit  is  more  dilated  and  largo. 
The  revolutionsof  the  moon,  whether  from  apogee  tu 
apogee,  or  from  node  to  node,  arc  longer  in  wintcrttan 
in  summer. 

U.  When  the  moon  is  in  the  syzygies,  the  line  of 


;  the  apsides  moves  from  west  to  east;  but  uhcn  bbe  in 
to  qmidiatiire,  it  moves  the  contrary  muv;  having  the 
greatest  progresMve  and  retrograde  velocity  in  these 
points.  But  as  it  moves  more  forward  than  backward, 
upon  the  whole,  it  will  perform  a  complete  revolution 
in  the  order  of  the  signs,  or  forward,  in  8''  509''  S**  20'. 
Since  the  alternate  increase  and  decrease  of  the  moon's 
gravity  towards  the  earth,  is  the  cause  why  her  central 
force  is  sometimes  too  great  and  sonietinics  too  small, 
to  be  inversely  as  the  squares  of  the  distances:  conse- 
qwenily  the  moon  cannot  describe  an  immovable 
ellipsis,  nor  indeed  move  in  an  ellipsis;  unless  the 
line  of  the  apsides  be  supposed  to  be  movable.  Now 
the  central  force  being  least  in  the  syzygies,  she 
would  recede  farther  from  the  earth  than  the  elliptic 
curve,  and  would  not  be  found  in  it,  unless  the  apsis 
moved  forward  the  same  way.  So  that  the  apsides 
move  from  west  to  east  in  the  syzygies.  But  the 
moon's  central  force  being  increased  by  tlic  action  of 
the  sun  in  the  quadratures,  the  contrary  happens,  and 
she  would  fall  within  the  ellipsis,  if  the  apsis  did  not 
more  backwards.  Therefore  the  apsis  will  move  back- 
wards in  the  quadratures.  But  as  the  force  of  the  sun 
which  diminishes  the  moon's  tendency  to  the  earth, 
is  double  to  the  force  which  increases  it,  and  also  ex- 
tends to  Bi"  44'  on  either  side  of  the  syzygies,  while 
the  augmentation  of  it  extends  only  to  55°  16'  on 
either  side  of  the  quadratures,  it  is  evident  that  the 
direct  motion  must  exceed  the  retrograde;  and  there- 
fore the  apogee  advances  from  west  to  east,  upon  the 
whole,  and  completes  its  entire  revolution  in  the  afore- 
mentioned time. 
m^The  eccentrieity  of  the  moon's  orbit,  varyingcon- 
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^uixiuv  >  .greatest  when  the  line  of  tlie  apsides  .uun 
vich  die  line  of  the  syzygies,  and  least  when  it  cam 
V  icii  che  line  of  the  quadratures.  If  the  moon's  cool 
onx  were  not  diminished  by  the  sun  in  the  syzyp^ 
ic  u-uuld  increase  from  the  apogee  to  perigee  just  ask 
would  decrease  in  the  other  half  of  her  orbity  and  ik 
eccentricity  would  not  be  altered.  Or  if  the  increases 
diminution  of  force  were  always  the  same  at  the  sane 
distances  in  her  ascent  and  descent,  the  case  wooJdhe 
the  same.  But  if  her  central  force  be  more  dimimshcd 
in  her  ascent,  than  it  is  increased  in  her  descent,  Ae 
moon  will  depart  more  in  her  ascent,  and  run  outva 
greater  distance  from  the  earth  in  her  apogee,  and% 
proach  nearer  to  the  earth  in  her  perigee,  than  ^ 
would  otherwise  do;  so  that  her  apogeon  distance «3 
be  proportionably  greater  than  her  perigeon  distance^ 
and  her  eccentricity  will  be  increased.  Now  as  the  in- 
verse ratio  of  the  squares  of  the  distances,  in  whid 
the  moon's  central  force  should  vary,  is  most  distorbed 
by  the  sun  when  the  line  of  the  apsides  concurs  »idk 
the  line  of  the  syzygies,  and  least  when  it  coocuxs 
with  the  line  of  the  quadratures,  the  eccentricity  wifl 
be  greatest  in  the  former  case,  and  least  in  the  latter. 
In  explaining  the  foregoing  inequalities,   we  ha« 
taken  no  notice  of  the  inclination  of  the  lunar  orbiti 
because  they  would  all  take  place  if  her  orbit  coincided 
with  the  ecliptic.  But  there  are  inequalities  in  her  la- 
titude arising  from  the  alteration  of  the  pkine  of  her 
orbit,  which  are  now  to  be  explained. 

IV.  In  every  revolution  of  the  moon,  the  angle  of 
inclination  of  the  moon's  orbit  to  the  plane  of  the  eclip- 
tic, increases  in  the  interval  from  the  syzyg}-  to  the 
next  quadrature,  and  decreases  from  the  quadrature 
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upon  the  \vliole,  and  is  largest  of  all,  when  it 
at  thut  position. 

V,  When  the  moon  is  in  C]uadr3ture,  the 
its  orbit  are  always  biationary;  but  comtni 
grade  when  the  moon  is  in  the  sjzygics.  Fl 
quadrature  to  another,  they  are  moiit  rel; 
the  line  of  the  nodes  concurs  with  the  line  of 
ratures;  and  least,  when  it  concurs  with 
the  syzygies. 

When  the  nodes  arc  in  quadrature,  ^vhilc 
is  passing  from  quadrature  to  quadrature 
is  constantly  solicittd  towards  the  ecliptic 
ablatilious  force  of  the  sun,  and  therefore  she  niftir- 
rive  at  it  before  she  has  performed  half  a  revohniHi 
and  consequently  will  meet  her  node,  which  has  lO* 
graded  in  the  mean  time  t.o  as  to  meet  her  bcfon* 
has  gone  180°  from  her  other  node.  As  she 
from  west  to  east,  her  nodes  move  from  east 
and  perform  their  revolution  in  the  time  befc 
tioned-  But  ihcy  arc  quiescent,  when  the  line' 
nodes  is  in  the  syzygies,  because  the  ablatitiousfcnt 
of  Ihc  sun  tlien  acts  in  the  plane  of  the  lunar  GrWt 

When  the  line  of  the  nodes  is  in  the  octants,  fiBW 
tlie  quadrature  to  the  first  octant,  while  the  raonii 
passing  by  her  node,  the  ablatitious  force  of  tbciv 
is  directed  to  a  point  on  the  opposite  side  of  tbe-I*! 
of  the  node  from  the  moon,  wlien  it  increases  the  otit 
quity  of  tite  lunar  orbit,  and  causes  the  node  to  Bwn 
forward  during  her  passage  through  two  octants  in  tk 
revolution  or  90°,  but  they  move  retrograde  for  37V, 
so  that  upon  the  whole  die  nodes  move  more  t»ci- 
Ward  tlian  forward  in  any  re\'olution,  and  thotfor 
move  round  in  somethitM'  less  than 
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What  has  been  said  of  the  uregularities  of  the 
moon's  motions  is  also  true  of  the  satellites  of  Jupiter 
and  Saturn;  but  because  of  their  great  distances  from 
the  sun,  these  irregularities  are  generally  insensible, 
excepting  in  those  that  are  nearest  to  the  planet,  on 
account  of  their  nearness  to  it. 

The  same  method  of  reasoning  shows,  that  the  pre- 
cession of  the  equinoxes  is  variable  from  43'  per  an- 
num to  57",  being  at  a  mean  rate  50",  depending  on 
the  position  of  the  moon's  nodes;  being  greatest  when 
they  are  in  Aries,  least  when  in  Libra,  and  at  a  mean, 
when  in  Cancer  and  Capricorn. 

ECLIPSES  OF  THE  SUN  AND  MOON. 

An  eclipse  of  the  sun  is  occasioned  by  the  interpo- 
sition of  the  moon  between  the  sun  and  the  earth,  at 
the  change  of  the  moon;  but  an  eclipse  of  tlie  moon 
is  occasioned  by  her  passing  through  the  earth's  sha- 
dow, when  she  is  full,  or  in  opposition;  so  that  there 
can  be  no  eclipse  of  the  sun,  but  at  the  change  of  the 
moon,  and  no  eclipse  of  the  moon,  but  when  she  i^ 
full.  We  shall  first  consider  the 

ECLIPSES  OF  THE  MOON. 

If  the  earth  were  as  large  as  the  sun,  its  shadow- 
would  be  of  equal  breadth  at  all  distances.  But  being 
much  less,  its  shadow  must  terminate  in  a  cone,  whose 
vertex  cannot  reach  to  any  of  the  primary  planets,  and 
therefore  none  of  the  celestial  bodies  can  pass  through 
it,  or  be  eclipsed  by  the  earth,  but  the  moon.  The 
semi-angle  of  the  conical  shadow  of  the  earth,  is  equal 
to  the  sun's  apparent  semi-diameter  lessened  by  his 
horizontal  parallax,  which  is  but  8".65.  For  TES,* 
the  measure  of  the  semi -diameter  of  the  sun  seen  from 

•  See  Plate  Y 
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ihc  earth,  is  equal  to  KAC,  the  setnt-an^eoftlietatK', 
+ESC,  the  horizontal  parallax  of  the  sun;  S,  teif 
the  sun,  and  C  the  earth.  Hence,  from  the  known » 
mi-diameters  of  the  sun  and  earth,  and  the  distist 
between  thtm.  the  length  of  the  shadow  mar  be  caatr 
determined,  vvhich  is  found  to  be  abou  t  864,UX)  mihi. 
And  from  the  known  distance  of  the  moon,  the  ifo 
meter  of  the  eartli's  shadow,  where  the  moon  pasai 
tlwough  it,  is  also  easily  found,  by  plane  trigononetr^ 
The  difference  too,  between  the  moon's  horizontd  pi- 
rallax,  and  the  semi-angle  of  the  cone  of  the  ibtdat, 
is  equal  to  the  semi-diameter  of  the  shadow  at  ihtiBS- 
tanceofthemoon.  For  EBC— EAB=BED.  Orili! 
equal  to  the  difference  between  the  apparent  semi-dB- 
meter  of  the  sun,  and  the  sum  of  the  horizontal  fori- 
taxes  of  the  sun  and  moon.  Hence  the  diameter  of  4i 
section  of  the  earth's  shadow,  where  the  moon  paao 
through  it,  is  nearly  three  tiroes  the  breadth  of  Ae 
moon.  For  62' — 16'=46'  and  2x46=92',  the  &al^ 
ter  of  the  section,  almost  three  times  31',  the  awoB^ 
diameter. 

But  notwithstanding  the  breadth  of  the  carttt^  lk- 
dow  at  the  distance  of  the  moon,  she  does  not  ahran 
pass  through  it  at  cvcrj'  opposition.  Her  orbit  b  m- 
cliiicd  to  the  ecliptic  in  an  angle  of  5"  X8',  at  a  mem 
rate,  and  therefore  these  planes  will  be  distant  from 
each  other  about  a  degree,  at  the  distance  of  12  de- 
grees from  her  node,  where  the  semi -diameters  of  the 
moon  and  the  earth's  shadow  added  together,  being 
about  one  degree,  would  just  touch  each  other,  so  that 
she  will  not  enter  into  any  part  of  tlie  shadow  wbcn 
full,  at  more  than  12°  from  her  node.  TTiig  thertfett 
is  called  the  ecliptic  limit  for  eclipses  of  the  mooa.  If 
the  moon  be  nearer  to  her  node  than  12*,  she  will  pM 


through  a  part  of  the  earth's  shadow,  her  northern  or 
aouthern  Hnib  entering  into  it,  according  as  she  has 
80Uth  or  north  latitude;  and  if  she  be  in  her  nodi-,  at 
the  time  of  opposition,  she  is  ihcii  in  the  echptic,  where 
the  center  of  the  earth's  shadow  always  is,  and  there- 
fore will  pass  through  its  diameter,  entering  it  witli 
her  eastern  limb,  and  making  the  duration  the  longest 
possible,  viz.  3*"  57' 6",  if  she  be  then  at  her  greatest 
distance  from  the  earth,  where  she  moves  slowest;  or 
only  3''  37'  26",  if  she  be  then  at  her  nearest  distance, 
where  she  moves  quickest-  In  this  case,  she  is  centrally 
eclipsed.  Hence  if  the  latitude  of  the  moon,  at  her 
opposition,  be  less  than  the  sum,  but  greater  than  the 
difference  of  her  own  semi-diameter  and  the  semi-dia- 
meter  of  the  earth's  shadow,  she  will  be  partially 
eclipsed. 

The  moon  even  in  total  eclipses  receives  light 
enough  to  become  visible;  occasioned  by  the  refrac- 
tion of  the  sun's  rays  through  the  earth's  atmosphere; 
by  which  means,  many  rays  are  refracted  into  the 
shadow,  especially  those  of  a  red  colour,  which  have 
the  greatest  raoijientum,  and  make  their  way  through 
it,  while  others  are  turned  off  in  other  directions.  Now 
these  rays  cross  each  other  in  a  point  between  the 
earth  and  moon,  and  thence  diverging  into  the  shadow, 
greatly  diluted,  enlighten  it,  at  ihe  distance  of  the 
moon;  from  whence  she  not  only  becomes  visible,  but 
also  appears  of  a  reddish  brown  and  dusky  colour.  She 
never  enters  into  the  dark  shadow  of  the  earth,  for 
then  she  would  be  absolutely  invisible. 

Although  the  shadow  of  the  earth  is  diametrically 
opposite  to  the  sun,  yet  the  moon  has  been  seen  to- 
tally eclipsed  before  the  sun  was  set;  which  was  occa- 
sioned by  the  refraction  ft'  the  atmosphere,  raising 
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both  tlic  sun  and  moon  above  their  tnio^| 
near  34  minutes. 

ECLIPSES  OF  THE  SUN, 
Eclipses  of  the  sun  arc  occasioned  by  ibc  "oilo- 
position  of  the  moon  between  him  and  the  earth,  ad 
therefore  he  can  never  be  eclipsed  but  at  the  dnsp 
of  the  moon,  when  both  luminaries  arc  in  the  tat 
part  of  the  heavens.  Hence  the  preternatural  datkoea 
at  the  crucifixion  of  our  Saviour  could  not  be  cficcud 
by  an  eclipse  of  die  sun,  because  he  suffered  U  Ac 
Jewish  passover,  which  was  to  be  celebrated  brtkor 
law  at  the  full  moon,  or  on  <he  I4th  day  of  that 
month.  Unless  the  sun  be  near  to  the  node  of  At 
moon  at  the  change,  there  can  be  no  eclipse  of  ik 
sun,  for  olhcrwise  she  will  pass  by  him  either  10  ik 
north  or  the  south  of  Iiim  in  the  heavens.  If  titebe 
then  in  her  node  her  center  will  pass  over  the  ccnitr 
of  the  sun,  and  if  her  diameter  be  then  Uu-ge  cncn^ 
she  will  cover  his  ^vhoIe  disk  and  cause  a  centxal  wA 
total  eclipse  of  the  sun;  but  if  slie  be  at  any  dtstaoa 
from  her  node  less  than  17°  she  will  only  obsopti 
part  of  the  sun,  according  as  her  latitude  is  smlkr 
or  greater. 

As  the  moon  is  less  than  the  sun,  her  shadow  will 
terminate  in  a  cone,  the  semi-angle  of  which  is  wjual 
to  the  apparent  senii-diametcr  of  the  sun  viewed  from 
the  moon,  when  lessened  by  the  sun's  horizontal  pa. 
rdllax  seen  from  the  moon.  But  as  the  earth  and  moot) 
are  nearly  at  the  same  distance  from  the  sun,  ue  may 
say,  that  the  semi-angle  of  the  cone  of  the  moim's 
shadow  is  nearly  equal  to  tlie  apparent  semi-diamctfr 
of  the  sun  \nthout  any  sensible  error.  As  the  moon  h 
much  less  than  the  earth,  her  ^adow  mu&t  be  much 
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Sorter,  and  generally  does  not  reach  much  farther 
than  the  earth,  and  sometimes  not  quite  so  far.  Its 
diameter  where  the  earth  passes  through  it  is  not  large 
enough  to  cover  the  whole  surface  of  the  earth,  but 
only  a  small  spot  on  it,  not  above  180  miles  in  diam- 
eter, when  the  sun's  diameter  appears  least,  and  the 
moon's  greatest;  so  that  the  total  darkness  in  an  eclipse 
of  the  sun  can  extend  no  farther. 

The  semi-diameter  of  the  section  of  the  moon's 
shadow,  where  the  earth  passes  through  it,  is  equal  to 
the  difference  between  the  apparent  semi-diamctcrs  of 
the  sun  and  moon.  To  those  places  only  on  the  sur- 
face  of  the  earth,  which  are  involved  in  the  dark  sha- 
dow of  the  moon,  while  the  earth  is  passing  through 
it,  the  sun  will  appear  totally  eclipsed.  But  he  will 
ajfpear  to  be  partially  eclipsed  to  a  large  space  beyond 
the  shadow,  and  all  round  it,  as  far  as  a  right  line 
would  reach,  passing  from  one  side  of  the  sun  by  the 
opposite  side  of  the  moon.  Beyond  this  line,  the  sun 
will  not  appear  to  be  eclipsed  at  all.  If  this  line  be 
supposed  to  revolve  round  the  sun  and  moon,  always 
passing  by  the  opposite  points  in  their  disks,  it  will 
describe  a  conical  figure,  whose  vertex  will  be  between 
the  sun  and  moon;  enlarging  as  it  extends  beyond 
the  moon,  and  surrounding  its  shadow.  The  space 
comprehended  between  this  increasing  cone  and  the 
dark  conical  shadow  of  the  moon,  receives  but  a  part 
of  the  sun's  light,  the  rest  being  mtercepted  by  the 
body  of  the  moon;  and  the  places  have  gradually  less 
and  less  of  the  sun's  light  as  you  approach  towards 
the  dark  shadow,  where  the  sun  is  entirely  concealed 
by  the  moon.  This  increasing  cone,  which  surrounds 
the  dark  shadow,  is  called  the  moon's  penumbra.  To 
all  the  places,  on  the  earth's  surface,  over  which  this 
penumbra  passes,  the  sun  will  appear  to  be  partially 


eclipsed,  and  that. in  a  greater  or  less  degree, Mlkjr 
are  nearer  to  or  farther  from  ihe  dark  shadow  cI  the 


The  semi-angle  of  the  moon's  penumbra  tsecpnl 
to  the  sun's  apjyarent  semi -diameter,  added  to  thcip- 
parcnt  semi- diameter  of  the  moon;  as  seen  fram  lie 
Sim.  For  DCE^ADB+DBE,*  but  this  angle  DBE 
may  be  neglected  as  insensible.  And  the  hijta  of 
these  are  equal. 

The  semi-diaracter  of  the  moon's  penumbra,  vbCR 
the  earth  pasties  through  it,  is  equal  to  the  sum  of  de 
semi-ttiamcters  of  the  moon  and  sun,  or  of  the  vaoa 
and  semi-angle  of  the  cone.  FMH=MHD-i-HOL 
The  si^ mi- diameter  of  the  earth's  disk,  :i5  seen  &«■ 
the  moon,  is  equal  to  the  moon's  horizontal  parallix. 
Therefore  if  the  moon's  latitude  at  her  clunge  bt 
equal  to  or  greater  than  the  sum  of  the  semi-diametcni 
of  her  penumbra  and  horizontal  parallax,  thcwi 
be  no  eclipse  of  the  sun,  but  if  less  there  will 
eclipse;  and  if  less  than  the  sum  of  her  hw 
parallax  and  the  semi-diameier  of  her  dark  shadow 
the  earth,  the  eclipse  of  the  sini  will  be  total  to 
pari  of  the  earth.  And  if  the  moon  change  in  her 
the  eclipse  of  the  sun  will  be  central. 

As  Uiere  can  be  no  eclipse  ivben  the  latitude 
moon  is  greater  than  her  horizontal  parallax 
sum  of  the  semi-diameters  of  liie  sun  and  moon, 

altogether  make  about  a  degree  and  a  half  or         

mean;  the  limit  for  eclipses  of  the  sun  is  found  to  be 
about  17",  from  this  subtense  of  92'  and  tlie  angle  of 
obliquity  of  the  moon's  orbit  to  the  ecliptic. 

The  penumbra  of  the  moon  cannot  cover  the  whole 
disk  of  the  earth,  whicli  is  double  to  llie  moon's  hori- 
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•  See  Ptaia  16.  Fig.  3. 
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Eontal  })arallax,  or  about  120',  while  the  whole  diam- 
eter of  the  penumbra  is  not  more  than  about  64'. 

As  the  semi-angle  of  the  cones,  both  of  the  eartli 
and  moon's  shadows,  is  equal  to  the  semi-diameter 
of  the  sun;  these  cones  must  be  similar,  and  their  alti- 
tudes proportional  to  their  bases.  Now  the  diameter 
of  the  earth  is  to  that  of  the  moon  as  100 :  28,  and  the 
altitude  of  the  earth's  shadow  about  217  semi-diame- 
ters of  the  earth.  Therefore  as  1(K) :  28  : :  217 :  60|  the 
height  of  the  moon's  shadow,  which  is  about  the  dis- 
tance of  the  mo(»i  from  the  earth.  So  that  her  shadow 
does  not  reach  far  beyond  the  earth,  and  sometimes 
it  even  falls  short  of  it,  its  vertex  passing  through 
the  air  over  the  earth;  wiien  she  changes  at  her  great- 
est distance  from  the  earth.  Should  she  then  be  in  her 
node,  her  diameter  would  not  appear  large  enough  to 
cover  the  whole  foce  of  the  sun,  and  the  eclipse  would 
be  annular,  a  small  ring  of  light  appearing  round  her 
in  the  middle  of  the  eclipse,  her  shadow  terminating 
in  a  point  l^efore  it  reaches  the  earth.  To  all  the  places 
over  which  this  point  passes,  the  eclipse  will  appear 
annular.  When  she  changes  at  her  mean  distance,  the 
vertex  of  her  shadow  just  touches  the  earth,  and  she 
eclipses  the  sun  totally  to  all  places,  over  which  it 
passes,  but  the  total  darkness  is  only  of  3'  13'  conti- 
nuance. The  moon's  apparent  diameter  when  great- 
est,  at  her  nearest  distance,  exceeds  the  sun's  when 
least,  only  1'  38'  of  a  degree,  and  the  moon  moves 
over  this  distance  in  3'  13'  of  time,  and  no  longer  can 
tlie  total  darkness  continue  at  any  given  place. 

When  the  moon's  diameter  appears  largest  and  the 
sun's  least,  her  dark  shadow  covers  a  spot  on  the 
earth's  surilicc  of  180  miles  in  diameter,  and  the  total 
darkness  can  extend  no  farther.  At  the  distance  there- 
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fore  of  90  miles  from  the  center  of  this  spot,  Unrift 
no  total  darkness,  yet  the  moon's  penumbra  may  ctner 
a  circular  spot  of  4900  miles  in  diameter,  within  whidi 
space,  the  sun  will  appear  to  be  more  or  less  eclipMi 
to  places  more  or  less  distant  from  the  center  of  i!ai 
penumbra.  When  the  moon  changes  in  her  node,  dai 
penumbra  appears  circular  at  the  middle  of  the  geo^ 
rat  eclipse,  but  at  all  other  times  it  is  elliptical,  aoi 
passing  over  the  earth's  diameter  takes  the  loogol 
course  possible;  continuing  on  it  5^  50'  of  time  fli 
a  mean  rate,  but  something  longer,  if  the  mooin  be  fl 
her  greatest  distance  from  the  earth,  where  she  mom 
slowest,  and  shortest  when  she  moves  with  ber  gnat- 
est  veiocit}',  being  at  her  least  distance.  The  eanb^ 
motion  on  her  axis  being  from  west  to  east,  the  sane 
way  that  the  shadow  moves,  will  cause  the  dunttin 
of  the  general  eclipse  to  be  a  Hide  longer,  than  if  tbcR 
were  no  such  rotation.  The  motion  of  the  moon's  sha- 
dow is  equal  to  the  motion  of  the  moon  from  the  mu^ 
which  is  about  30'  30"  per  hour,  or  1830  miles  on  At 
earth,  that  is,  30^  miles  per  minute:  almost  lour 
times  as  swift  as  the  motion  of  a  cannon  ball. 

As  the  limits  fur  eclipses  of  the  sun,  viz.  17*,>K 
greater  than  for  those  of  the  moon,  viz.  12",  iheit 
must  be  more  eclipses  of  the  sun  than  of  the  moon  in 
any  ^ven  year;  yet  more  eclipses  of  the  moon  will  be 
visible  in  any  particular  place,  than  of  the  sun:  be- 
cause the  eclipses  of  the  moon  appear  the  same  to  all 
the  inhabitants  of  that  hemisphere  of  the  earth  whidi  is 
turned  towards  the  moon  at  that  time.  Bnt  an  cclipK 
of  the  sun  is  visible  only  to  a  few  inhabitants  of  the 
earth  at  the  same  time. 

There  cannot  be  less  than  two  eclipses  in  one  yeir, 
and  these  will  be  both  of  the  sun,  nor  can  there  be  inort 
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1  seven,  and  four  at  least  of  these  must  be  of  the 
'    Sun:  because  the  sun  passes  by  the  nodes  of  the  moon 
'    but  twice  in  the  year  geiierall)',  or  at  most  but  three 
'     times.  When  he  passes  them  twice  in  a  year;  if  the 
'     tnoon  should  change  in  the  node,  she  will  then  echpse 
'     the  sun,  but  before  the  opposition,  15  days  after,  she 
will  be  14  or  15°  past  her  opposite  node,  and  will  not 
therefore  be  eclipsed  at  that  time;  so  ihgt  there  will 
be  but  one  eclipse  during  the  time  of  the  sun's  pass- 
ing that  node;  the  same  may  happen  at  the  next  node; 
so  that  there  may  be  but  the^e  two  eclipses  of  the  sun 
in  that  year. 

But  if  the  sun  come  within  17"  of  the  moon's  node 
on  the  beginning  of  the  year,  the  new  moon  at  that 
time  will  ecliptic  him;  the  full  moon,  15  days  after, 
will  be  eclipsed  near  the  opposite  node,  and  the  moon 
will  come  round  again  to  the  first  node  and  eclipse 
him  once  more  before  he  gets  out  of  the  ecliptic  limits, 
which  extend  to  34°,  and  are  more  than  the  sun 
can  pass  over  in  a  month.  Three  more  eclipses  may 
happen  near  the  other  node,  about  half  a  year  after- 
wards. But  as  the  nodes  of  the  moon  move  backwards 
19°  20  per  annum,  the  sun  may  come  from  one  node 
to  the  other  hi  173  days,  or  after  6  lunations,  which 
contain  but  four  days  more.  So  that  in  346  days,  or 
19  days  before  the  year  is  ended,  the  sun  will  come 
again  to  the  same  node  which  he  passed  before  ttt  the 
beginning  of  the  year,  and  there  will  be  one  other 
eclipse  either  of  the  sun  or  moon  in  that  year;  the 
other  eclipses,  thatliappcn  about  this  node,  will  howe- 
ver full  in  the  subsequent  year.  ■ 
The  sun  passes  by  either  of  the  moon's  nodes  19  H 
days  sooner  than  it  passed  it  on  the  preceding  year,       H 
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And  as  they  go  round  in  18  years,  225  days,  and  8 
houn^,  if  there  had  been  a  complete  ntimber  of  lum- 
tions  in  that  time,  there  would  then  be  a  complete  and 
regular  period  of  eclipses  in  the  same  time*  But  this  ne- 
ver happens.  However  in  1 8  years  1 1**  7^  43^  20",  includ- 
ing four  leap-years,  or  one  day  less,  if  five  be  included, 
the  sun,  moon,  and  nodes  return  to  the  same  state,  in 
which  they  were  at  the  beginning  of  the  period;  save 
only,  that  the  line  of  conjunction  of  the  sun,  moon,  and 
nodes,  will  fall  backwards,  or  to  westward,  28'  13"  of  a 
degree  in  every  period.  Add  therefore  this  quantity  to 
the  time  of  any  eclipse,  and  you  will  have  the  tine  of 
an  eclipse  of  the  same  kind,  in  the  next  period,  voy 
nearly;  or  subtract  it,  in  order  to  have  the  eclipse  of 
the  preceding  period;  without  any  trouble  of  calcula- 
tion. This  is  called  the  Plinian  Period  or  ChaUem 
Saros.  as  Pliny  records  it,  to  be  known  by  the  Chaldeans. 
But  as  the  line  of  conjunction  falls  west^vard  28'  12^, 
in  every  period,  it  would  pass  through  the  whole 
ecliptic  limits  in  about  1388  years,  as  it  would  shift 
about  36  degrees  in  that  time;  and  near  12,500  years 
would  be  required  to  describe  the  remaining  324  de- 
grees; after  which  time,  the  same  period  of  eclipses 
would  begin 'and  run  over  again.  A  longer  and  more 
exact  period  for  calculating  eclipses  is  SST''  21**  18*"  30' 
11";  for  then,  after  that  time,  the  sun,  moon,  and  node, 
meet  so  nearly  again,  as  to  be  but  11"  distant. 

It  is  however  generally  much  safer  to  depend  upon  a 
calculation  from  astronomical  tables,  or,  if  great  accu- 
racy be  not  required,  upon  graphical  constructions  and 
•delineationK. 
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hand,  while  in  the  other  six  signs.  Open  thexdar 
till  the  distance  of  the  tno  90°,  on  the  line  of  «mi,  s 
equal  to  V  h,  and  take  the  sine  of  77  49'  48",  ihcfs^ 
distance  from  the  nearest  solstice,  which  set  fromY, 
the  middle  of  hg,  to  P,  to  the  right  hand  in  thisoft 
iind  draw  the  earth's  axis  CP,  cutting  the  disk  n^ 
from  which  towards  VI  and  VI  set  off  the  chord  of  lit 
co-latitnde  38  30',  making  CA  rad.  and  draw  theta 
Vi  K  VI;  then  from  the  points  where  this  line  on 
the  disk,  set  oft'  the  chord  of  the  spin's  dedbtdd 
both  ways  towards  E  and  G,  and  D  and  F,  aid  draw 
the  lines  D£,  and  FG,  cutting  the  eartti's  axB  ia  L 
and  XII,  which  bisect  in  K;  then  VI  K,  and  KXU, 
will  be  the  two  semi-axes  of  the  ellipsis,  which  wiBit- 
present  the  path  of  the  place  of  observation,  Lontn^ 
which  describe  and  divide  into  hours  and  minutts. 
Making  CB  radius  on  the  line  of  sines,  take  theto 
latitude  38  30',  from  the  line  of  sines,  and  set  it  btd 
ways  from  K  to  the  hours  VI  and  VI  in  the  line  VI  R 
VI,  which  will  be  just  in  the  disk  at  the  equinoxtl, 
but  in  no  ottier  season  of  the  year.  N.  B.  When  lie 
sun's  declination  is  south,  the  elliptic  [jalh  is  coavei 
towcird  the  pole,  and  vice  versa. 

Take  the  chord  of  5°  35',  the  angle  of  the  mottA 
visible  path,  from  the  line  of  chords,  making  AC  rt- 
dius,  and  set  it  off  from  H,  the  axis  of  the  ecliptic,  W 
the  left  hand,  to  M,  when  the  moon's  latitude  is  N. 
ascending,  but  to  the  right  hand,  when  it  is  N. 
descending;  draw  CM  for  the  axis  of  the  moon's 
orbit,  and  bisect  the  angle  HCM  by  the  line  Csz. 
Take  the  moon's  latitude  from  the  same  scale  with 
CA,  and  mark  the  point  x  in  the  bisecting  line  Citi. 
whose  nearest  distance  from  the  line  CA  shall  be  equal 
to  the  moon's  latitude,  and  through  x  draw  a  ' 
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It  right  angles  to  CM,  the  axis  of  the  moon^s  or- 
bit, which  line  shall  be  the  path  of  the  moon's  penum- 
bra, over  the  disk  of  the  earth.  The  point  x  mark^  the 
[conjunction  according  to  equal  time  by  the  tables,  the 
point  y,  where  this  line  cuts  the  axis  of  the  ecliptic,  is 
the  point  of  the  ecliptical  conjunction,  and  the  point  w 
is  that  of  the  middle  of  the  eclipse. 

Take  the  moon's  horary  motion  from  the  sun,  27' 
54",  from  the  same  scale  with  AC,  and  with  that  ex- 
tent make  marks  along  the  path  of  the  moon's  penum- 
bra, each  being  one  hour;  subdivide  them  into  60 
equal  parts  for  minutes,  and  number  the  hours  so  that 
the  instant  of  new  moon  by  the  tables  shall  fall  upon 
the  point  x,  half  way  between  the  axis  of  the  eclip- 
tic and  the  moon's  orbit.  Then  apply  one  side  of  a 
square  to  the  path  of  the  penumbra,  and  thus  move 
it  backwards  and  forwards,  until  the  other  side  cuts 
the  same  hour  and  minute,  both  in  the  path  of  the 
penumbra,  and  the  path  of  the  place,  London,  which 
will  be,  in  the  present  example,  at  W  47'.  With 
the  semi-diameter  of  the  sun,  taken  from  the  same 
scale  CA,  viz.  16'  16'\  describe  a  circle  round  IC^ 
47'  in  the  path  of  London,  representing  the  disk  of  the 
sun;  and  with  the  semi-diameter  of  the  moon  14'  57'' 
taken  from  the  same  scale,  describe  a  circle  round  10^ 
47'  in  the  path  of  the  penumbra,  to  represent  the  disk  of 
the  moon:  and  the  portion  of  the  sun's  disk  hid  by 
the  moon's  disk,  will  show  the  phases  and  quantity  of 
the  eclipse  at  that  time. 

Lastly,  take  from  the  same  scale  with  AC,  the  semi* 
diameter  of  the  penumbra,  and  carry  that  extent,  viz. 
SI' S'',  backwards  and  for  wards,  along  the  paths  of  the 
penumbra  and  the  fflaoe  of  observation,  London,  on 
both.sides of  the«||pet  -  vntil  both  points 


of' the  dividers  fall  into  the  same  points  of  time  in  Ml 
the  lines,  and  these  times  will  represent  the  tnwrif 
beginning  and  ending  of  the  eclipse,  at  that  pla«:,K.| 
cording  to  apparent  time;  which,  by  applying  tl  " 
tion  of  time,  is  converted  into  mean  time. 

This  construction  supposes  that  the  moon's 
is  uniform  and  rectilineal  during  the  whole  l 
the  eclipse,  and  that  the  angle  under  which  tlie  i 
disk  is  seen,  continues  the  same,  which  is  nots 
true;  however,  it  will  give  the  times  of  the  t 
and  end  within  a  few  minutes,  when  execute 
sufficient  care. 


PROJECTION  Ol-  LUNAR  ECLIPSES. 
Tm  e  requisites  for  the  projection  of  a  lunar 
are  these  eight  following;  which  we  shall  exempiiff 
in  the  eclipse  of  May  1762,  at  London. 

L  The  true  time  of  full  moon,  May,  8*>  3''  50'  50- 
2.  The  moon's  horizontal  parallai^  at  that  time  STii : 
^_  3.  The  sun's  semi-diameter  15'  56";    4.  The  mooa't 

^H  semi-diameter  15' 38":    5.  The  semi-diameter  of  ik 

^H  earth's  shadow  at  the  moon,  41'  37":    6.  The  mooa's 

^H  latitude  south  descending,  3:2' 21":  7.  The  ati^of 

^1  her  visible  path  with  the  ecliptic,  5"  35':   3.  Her  tnic 

^H  horary  motion  from  the  sun,  30'  52";  all  which  nuj 

^B  be  collected  from  the  tables. 

^H  Make  a  scale  of  any  convenient  length,  and  dividt 

^H  it  into  60  equal  parts,  each  equal  one    minute.  Wi(b 

^H  the  sum  of  the  semi-diameters  of  the  muon  and  earth'i 

^B  shadow,  taken  from  this  scale,  57'  15",  describe  a  sciui- 

^H  circle  ADB:^  and  also  another  with  a  rad.  =  iheKPii- 

^H  diameter  of  the  earth's  shadow,  41'  37",  taken  Jnm 

^H  the  same  scale,  toreprt:sent  the  earth's  shadou'.  Dnw 

^H  hvo  diameters  at  right  angles  to  each  other;  cue  re- 


521 

presenting  the  ecliptic  and  the  other  its  axis.  Open 
the  sector  to  the  radius  of  the  first  circle  on  the  line  of 
chords,  and  take  off  the  chord  of  5°  35',  from  D  to  E, 
or  from  the  vertex  of  the  axis  of  the  ecliptic,  tb  the 
right  hand,  because  the  moon's  latitude  is  S.  descend- 
ing, but  to  the  left  hand  if  the  latitude  had  been  N. 
or  S.  ascending,  and  draw  the  line  CE  for  the  southern 
half  of  the  axis  of  the  moon's  orbit.  Bisect  DE  by  the 
line  CGg,  on  which  set  off  the  moon's  latitude  32'  21", 
taken  from  the  same  scale,  from  C  to  G,  and  through 
G  dniw  the  line  NGP,  for  the  path  of  the  moon's 
center,  perpendicular  to  CFE:  then  F  will  be  the  point, 
where  the  moon's  center  is  at  the  middle  of  the  eclipse, 
G  the  point  where  her  center  is  at  the  tabular  time  of 
her  being  full,  and  H  the  point,  where  her  center  is 
at  tl)c  time  of  the  ecliptical  opposition. 

Take  from  the  same  scale  the  moon's  horary  motion 
from  the  sun,  and  with  extent=to  an  hour,  graduate 
the  moon's  path  into  hours  and  minutes,  marking  the 
g^duations  so  that  the  time  of  full  moon,  viz.  3^  50' 
50"  may  fall  in  the  point  G,  where  the  bisecting  line 
cuts  the  moon's  path. 

With  the  moon's  semi-diameter  15'  38"  as  a  radius, 
from  center  F,  describe  a  circle  for  the  position  of 
the  moon  at  the  middle  of  the  eclipse,  and  also  two 
circles  from  the  centers  N  and  P,  in  the  line  of 
the  moon's  path,  for  the  positions  of  the  moon  at 
the  beginning  and  end  of  the  eclipse,  when  it  is  in 
contact  with  the  earth's  shadow,  represented  by  the 
interior  circle  before  described.  The  point  N  repre- 
sents the  instant  when  the  eclipse  begins,  and  the 
point  P,  when  it  ends;  the  first  beihg  at  2^  15'  10" 
A.  M.,  and  the  other  at  5**  18'  0".5;  the  moon  being 

eclipsed  10  digits. 

3U 
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The  disk  of  the  sun  and  moon  is  supposed  to1)C 
divided  into  twelve  equal  parts,  and  the  quantity  of 
the  eclipse  is  estimated  in  these  parts. 


THE  nXED  STARS. 

*  The  fixed  stars  are  generally  supposed  to  be  the 
central  suns  of  so  many  systems  of  planets,  which  ic-  { 
volve  round  them  at  diflerent  distances  and  in  vanoiD 
orbits,  deriving  from  tlicm  the  ^benefits  of  both  Cgb 
and  heat.  They  are  said  to  be  fixed,  because  they 
generally  preserve  the  same  relative  distances  from 
each  odier. 

The  number  of  those  that  arc  visible  to  the  naked 
eye  is  less  than  one  would  imagine,  from  a  cursory 
view  of  the  heavens.  The  British  catalogue  of  them, 
which  is  the  largest,  contains  but  3001,  of  which  many 
are  invisible  to  tlie  naked  eye,  being  onI\-  discoven- 
ble  by  the  telescope,  and  thence  denominated  telesco- 
pic stars.  They  shine  with  native  and  inherent  ligbi 
for  otherwise  they  would  be  invibiblc;  as  their  distances 
from  us  are  inconceivably  great.  Dr.  Bradly  says,  froin 
his  observations,  that  if  they  had  an  annual  panllu 
of  a  single  second  he  must  have  discovered  it.  Howim- 
mensely  great  tlien,  must  their  distances  be,  when  tbe 
diameter  of  the  earth's  orbit,  which  is  near  two  hun- 
dred millions  of  miles,  does  not  subtend  an  angle  of  a 
second  at  the  distance  of  the  nearest  of  them ;  hence  not 
less  than  40  millions  of  millions  of  miles!  Their  twink- 
ling appearance  is  occasioned  by  their  momentary  oc- 
cultation,  by  ever}-  particle  of  dust  that  floats  in  our  at- 
mosphere. To  the  naked  eye  they  appear  of  a  sensible 
magnitude,  which  is  destroyed  by  a  good  telescope, 
as  no  micrometer  :an  measure  their  diameters.  The 
rays  which  the  eye  receives  from  them  are  not  all 


^ected  accurately  into  a  point  on  the  retina,  but  are 
liffused  over  a  circular  space  around  the  spot  where 
the  image  is  formed,  and  by  their  vibrations  or  im- 
tfessions  on  that  space,  cause  us  to  imagine  them  to 
J  larger  tlian  they  really  are. 

(from  their  apparent  magnitude,  astronomers  have 
ttinguished  tliem  into  six  or  seven  different  magni- 
.  And  for  the  convenience  of  distinguishing  them 
1  one  another,  they  have  ranged  them  into  diffcr- 
.  combinations,  under  various  particular  names, 
^ch  combinations  are  called  asterisms  or  constella- 
Twelve  fill  that  space  ivhich  is  called  the  zodiac, 
1  are  denominated  Aries,  Taurus,  Gemini,  Cancer, 
f  o,  Virgo.  Libra,  Scorpio,  Sagittarius,  Capricomus, 
Aquarius,  Pisces;  lying  eastward  of  each  other  in  this 
order,  and  each  extending  over  a  space  of  lliirty  de- 
grees, :uid  of  the  breadth  of  about  16  degrees,  com- 
prehending all  the  stars  hi  tliat  space.  The  number  of 
tlie  ancient  constellations  was  43,  but  on  our  present 
globes,  they  are  near  TO,  each  star  having,  by  the  con- 
trivance of  Boycr,  a  letter  annexed  to  it,  whereby  it 
is  easily  distinguished;  the  first  letters  of  the  Greek 
alphabet  l>eing  applied  to  the  brightest,  and  so  on 
through  the  whole;  and  then  the  letters  of  the  Roman 
alphabet. 
^^The  Milky  Way  is  a  luminous  tract  surrounding  the 
Havens,  arising  probably  from  the  confused  reful- 
IJtnce  of  innumerable  stars  disseminated  through  that 
part,  as  they  are  visible  in  great  numbers  through  a 
good  telescope;  altliough  some  astronomers  are  of  a 
Afferent  opinion. 

tCloudy  stars  are  so  called  from  their  misty  appear- 
;  to  tlie  naked  eje,  by  which  a  star  or  two 
iqly  seen;  but  tlirough  a  good  telescope  they 


ippear-  ■ 

iVo  are         I 
V  seem         m 
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to  be  broad  Uluminaled  parts  of  the  heavens,  in' 
one  or  more  stars  are  seen.  There  is  one  in  the  nj^ 
hand  of  Perseus, — one  in  the  middle  of  the  Cnhr 
one  near  the  sting  of  Scorpio, — three  in  Sagittaria, 
in  his  eye,  bow,  and  right  shoulder, — two  in  Onm 
in  his  head,  and  in  his  sword;  and  the  MngcUos 
clouds  near  the  south  pole,  where  the  stars  ihincas 
through  very  thin  clouds;  also  one  between  the  grof 
and  little  Dog,  very  full  of  little  stars.  In  the  firstrf 
these,  there  appear  more  stars,  than  in  any  otben. 
although  21  have  been  counted  in  the  head  of  Oim 
and  above  forty  in  the  Crab.  The  most  remarkafaki^ 
them  is  that  in  the  sword  of  Orion,  which  scenislfte 
a  gap  in  the  heavens,  through  which  we  look,  Mil 
were,  into  a  much  brighter  region.  Seven  stars  vc 
seen  in  this  luminous  space.  Although  these  sfORs 
appear  to  us  to  be  very  small,  yet  they  must,  in  6et, 
be  very  large, — probably  more  extensive  than  <wr 
whole  soliir  system. 

Several  stars  have  been  observed  to  appear  andfil- 
appear  periodically,  others  to  suffer  a  periodical  diflD- 
nuiion  and  hicrease  of  splendour,  and  others  tohm 
disappeared  entirely.  Gemma  observed  one  in  Ac 
chair  of  Casstopea,  in  November,  1572,  iurpassiog 
Sirius  in  splendour  and  magnitude,  but  graduaWv  (It- 
caying  till  the  month  of  March  follomng,  whCD  it 
became  invisible. 

Kepler,  in  the  year  1604,  discovered  n  star  near  the 
right  heel  of  Serpentarius,  surpassing  Jupiter  in  img- 
nitude  and  histre,  which  disappeared  between  Octoter, 
1605,  and  February  following,  and  has  not  been  seen 
since.  Jansenius,  in  the  year  1600,  discovered  one  in 
the  breast  of  the  Swan,  which  in  time  betame  so  smrii 
as  to  disappear  entirel}'.    In  the  years    16S7,  16SS, 
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1659,  it  recovered  its  former  splendour,  but  soon  de- 
cayed; its  period  is  about  18  years.  The  Stella  mira 
in  the  neck  of  the  whale,  first  observed  by  Fabri- 
cius  in  August,  1596,  has  been  observed  to  appear 
and  disappear  periodically,  seven  times  in  6  years,  its 
period  being  333  days;  continuing  for  15  days  in  its 
greatest  lustre,  and  never  quite  extinguished.  In  1686, 
Kirch  discovered  a  new  star  in  the  Swan's  neck,  which 
returns  periodically  in  404  days.  There  is  also  a  star 
in  the  Swan,  whose  lustre  is  alternately  increased  and 
diminished  in  every  twelve  days. 

Some  have  supposed,  that  the  appearing  and  disap- 
pearing of  these  stars  may  be  accounted  for,  upon  the 
supposition  of  their  having  large  spots  upon  their  sur- 
faces, which  render  them  invisible  when  these  spots 
are  turned  towards  the  earth:  and  when  their  rotations 
on  their  axes  turn  these  spots  from  us,  they  begin 
again  to  appear.  Others,  from  their  quick  rotations  on 
their  axes,  may  acquire  such  a  centrifugal  force,  as 
will  occasion  them  to  assume  the  form  of  millstones, 
or  of  Saturn's  ring,  which  will  make  them  visible  only 
when  their  sides  are  turned  towards  our  earth.  Some 
have  thought  also,  that  the  sudden  blaze  observed  in 
some  of  them  might  be  accounted  for,  by  supposing 
some  of  their  comets  to  have  dropped  into  them,  to 
supply  their  exhausted  fuel. 

Some  of  the  stars,  such  as  Capella,  Sirius,  Procyon, 
and  particularly  Arcturus,  are  observed  to  change  their 
places,  above  a  minute  of  a  degree,  with  respect  to 
others.  But  whether  this  arises  from  any  real  motion 
in  the  stars  themselves,  or  to  our  whole  solar  system's 
changing  its  place  in  universal  space,  must  require  the 
observations  of  many  ages  to  determine.  If  our  whole 
system  be  changing  its  place,  as  some  late  observa- 
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tions  seem  to  indicate,  at  least  in  the  opinion  of 
Herschel,  who  supposes  that  it  is  moving  northvard, 
with  considerable  velocity,  this  must,  in  process  of 
time,  occasion  an  apparent  change  in  the  distances  of 
the  stars  from  each  other.  On  this  supposition,  tk 
stars  which  are  nearest  to  us,  must  be  most  afictod 
by  such  a  motion,  and  therefore  their  relative  dis- 
tances would  suffer  the  greatest  change. 

From  the  precession  of  the  equinoxes,  already  ex- 
plained, the  stars  appear  to  alter  their  longitude  anmnl- 
ly  SO"  of  a  degree,  as  it  is  counted  from  the  intersedioit 
of  the  ecliptic  and  equator.  But  this  does  notaber 
their  latitude,  as  the  pole  of  the  earth  moves  round 
the  pole  of  the  ecliptic,  without  sensibly  approaduf 
towards  it. 


Catalogue  of  variable  Stars  reduced  to  the  be^nning  of  1786. 


Nunei  of  the  Stars. 


No^a  of  175:2  in  Caiwiopcia 

•  i\ti 
Algol 

Me^'er'a  240  in  I^o 
lleveliiu**  30th  of  llvdra 

Xo\-n  1604  in  Serpentarina 

B  Lyrse 

Near  the  Hca«l  of  Cypius 

•  Antinoi 
;^  In  the  S wail's  Nock 


Right 

aseeiibion 

in  time. 


OeclinaUon 


0  1.1   0— 
2    8  53 


In  the  Swan's  Breast 

i  Cephci 
a  Draeonis 
i  Urste  major. 
y  Sagittarii 


•I 


02  58  ^.N. 

3  57  i'i  S. 

2  5419     40    6  55X. 

9,ir»    5      12  25    OX. 

13  18    4-f  22    9.38  S. 


17  18    0—1 

18  42  11 

19  38  58 
19  41  34 
19  42  21— 


21  10    i  S. 

33    7  4HN. 

|2fi48    JX. 

0  28  14N. 

32  22  58  X. 


20    9  54 

22  31  O 
13  58  36 
12  4  45 
18  42   0 


37  22  .37  X, 

57  20   ON. 
65  24    8X. 

58  13  24  N. 
26  32  34  S. 


Greatest 

and  Icastl 
mag. 


1— ^ 
2— i) 


&--0 
4—0 

1—0 

3 — 4.5 
3—0 
3.4—5 
5 — O 


.>— 0 

3.4—4.5 
2—4 


Perinh. 


l.'iO 

334da7sCsttBM. 
2J  aoh  iy  3". 

494  daya,  inrntile  An*  i 
months. 

6  clays  and  9  hoon. 
I(>  or  more  yean. 

days  4  hours  15  nia 
405  3  claya,  or  ialher35* 

daya  31  hmin,iaim> 

for  a  niontbs. 
about  18  yean.  mnAk  i 

yoira." 
5  days  8  boars  37  mia. 
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ABERRATION  OF  THE  STARS. 

There  is  also  another  apparent  motion  of  the  fixed 
stars,  arising  from  the  motion  of  the  earth,  and  the 
progressive  motion  of  light  combined  together,  called 
their  aberration;  which  causes  their  longitudes  and 
latitudes,  their  right  ascensions  and  declinations,  to  be 
diflferent  from  what  they  are  in  reality;  and  as  it  de- 
l^ends  upon  the  earth's  motion,  all  the  variations  of  ic 
must  be  completed  in  the  course  of  a  year.* 

It  is  known  from  the  eclipses  of  Jupiter's  satellites, 
that  light  takes  8'  7"  of  time  to  pass  from  the  sun  to 
the  earth,  in  which  time  the  earth  moves  in  her  orbit 
over  an  arc  of  20".25;  so  that  the  velocity  of  light  is 
to  that  of  the  earth,  as  radius  to  the  tangent  of  20''-2S. 
It  is  also  known  that  the  visibility  of  objects  depends 
upon  the  impression  made  on  the  eye  by  the  rays  of 
light,  which  tliey  transmit,  and  that  we  judge  of  the 
position  of  objects  by  the  direction  in  which  the  ray 
enters  tlie  eye,  without  any  regard  to  any  motion  of 
the  eye,  or  any  antecedent  alteration  in  the  direction  of 
the  ray.  These  things  being  premised,  we  now  say, 
thai  the  impression  of  a  ray  of  light  from  a  star  upon 
the  eye,  is  neither  in  the  direction  of  the  ray  when 

*  If  the  earth  be  at  A*  and  moving  from  A  to  B  in  the  time 
that  a  ray  of  light  comes  from  the  star  in  the  direction  CB;  so 
that  AB  18  to  AC,  as  the  velocity  of  the  earth  is  to  the  velocity 
of  light;  then  the  star  will  appear  at  D,  in  tlie  direction  BD  pa- 
rallel to  AC.  For  if  a  telescope  AC  reaching  to  the  star  were 
carried  parallel  to  itself,  the  ray  of  light  emitted  in  the  direction 
CB,  would  be  still  in  the  axis  of  the  telescope  until  it  should 
arrive  at  the  eye  at  B,  where  it  would  appear  to  have  come  in 
(he  direction  DB,  of  the  telescope,  and  thereby  represent  the 
««rar  at  D,  advanced  before  its  true  place  C. 
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first  emitted  from  the  star,  nor  in  the  direction  in 
the  earth  is  moving  carrying  with  it  the  eye  of 'Ac 
spectator;  but  lilce  a  body  urged  by  twa  forces  in  tiro 
directions;  so  light  is  felt  in  the  direction  of  k  ^Smganj 
of  a  parallelogram,  whose  two  sides  are  in  t&e  Snt* 
tions  of  the  ray  of  light  and  of  the  earth's  moliini,  sat 
also  proportional  to  the  velocities  of  light  and  of  Ae 
earth.  So  that  the  star's  apparent  place  wiU  be  at  dil 
end  of  the  diagonal  of  the  parallelogram  to  iliAiifjk  the 
earth  is  moving.  Now  as  one  iside  of  this  paralldc^iram 
is  the  line  which  joins  the  earth  aiid  star,  and  the  ocfacr 
is  the  tangent  to  the  earth's  orbit,  where  shd  may  be, 
the  plane  of  the  parallelogram  wilt  always  be  in  tfaii 
tangent;  and  as  the  direction  of  the  tangent  is  caA 
nually  changing,  the  plane  of  the  parallelogram  miuti 
in  the  course  of  a  year,  revolve  quite  round  the  fine 
that  joins  the  earth  and  star.  Hence  the  star's  appoitnt 
place  must  always  be  in  the  periphery  of  an  orbit, 
similar  to  that  of  the  earth's,  described  round  At 
star's  true  place  as  the  center,  and  in  a  plane  paraDd 
to  the  earth's  orbit,  wliich  may  be  considered  as  a  cir- 
cle. But  if  this  circle  of  the  star's  al^erration,  were  pro- 
jected on  any  other  plane  oblique  to  the  former,  it 
would  then  become  an  ellipsis.  Hence  if  the  star  were 
in  the  pole  of  the  ecliptic,  the  heavens  being  there 
parallel  to  the  plane  of  the  ecliptic,  the  star's  apparent 
path  would  be  in  the  arc  of  a  circle;  and  if  the  star 
were  in  the  ecliptic,  its  course  would  be  a  right  line, 
because  its  circle  of  aberration  then  passes  through 
the  eye.  But  in  any  intermediate  place,  between  the 
pole  and  the  plane  of  the  ecliptic,  the  circle  of  abcrra- 
ration,  which  is  parallel  to  the  ecliptic,  must  be  pro- 
jected into  an  ellipsis  in  the  heavens,  whose  transverse 
axis  is  parallel  to  the  ecliptic,  and  whose  conjugate 
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is  perpendicular  to  that  plane.  The  transverse  axis  of 
the  ellipsis  of  aberration  of  all  the  stars  is  the  same, 
and  found  to  be  40".5  of  a  degree,  but  the  conjugate 
axis  increases  with  the  star's  distance  from  the  eclip- 
tic; and  therefore  they  are  to  each  other  as  radius  to 
the  sine  of  the  star's  latitude:  that  is,  as  radius :  S, 
star's  latitude : :  40". 5  :  the  lesser  axis  of  the  ellipsis. 

As  the  distance  between  the  sun  and  the  earth  is 
so  small  in  comparison  with  the  distance  of  the  stars, 
we  may  consider  it  as  nothing:  then  the  parallelogram 
above-mentioned,  in  the  diagonal  of  which  the  star's 
apparent  place  is  always  found,  may  be  considered  as 
turning  round  on  the  line  that  joins  the  sun  and  star, 
as  the  earth  moves  round  the  sun,  keeping  its  plane 
always  parallel  to  the  direction  of  the  earth  in  her 
orbit.  The  star  therefore  revolves  in  the  j^eripher}'  of 
the  ellipsis  from  west  to  east,  being  at  the  eastern  ex- 
tremity of  the  ellipsis  when  it  is  found  in  opposition 
with  the  sun,  and  at  the  western  end  when  in  con- 
junction. When  the  sun  and  star  have  the  same  lon- 
gitude, the  plane  of  the  parallelogram  of  aberration  is 
perpendicular  to  the  plane  of  a  circle  of  latitude,  and 
the  star  is  in  the  western  extremity  of  its  transverse 
axis;  consequently  its  aberration  is  wholly  in  lon- 
gitude, and  then  greatest,  being,  as  far  as  possible, 
20".25,  removed  from  its  true  circle  of  latitude;  and 
its  aben*ation  in  latitude  is  nothing,  as  it  is  at  the 
same  distance  with  the  center  of  its  ellipsis  from  the 
ecliptic.  But  when  the  star  is  in  quadrature  with  the 
sun,  the  plane  of  the  parallelogram  of  aberration  is 
parallel  to  the  plane  of  die  circle  of  latitude  passing 
through  the  pole  of  the  ecliptic  and  the  star,  and  the 
star  appears  in  the  extremity  of  the  lesser  axis,  so 
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first  emitted  from  the  star,  nor  in  the  directi 
the  earth  is  moving  carrying  with  it  the  eye  dit 
spectator;  but  like  a  bod}-  urged  by  two  forces  in WO 
directions;  so  light  is  felt  in  the  direction  of  adbgnU 
of  a  parallelogram,  whose  two  sides  arc  in  the  dii« 
tions  of  the  my  of  light  and  of  the  earth's  motion,  mi 
also  proportional  to  the  velocities  of  light  and  of  lit 
earth.  So  that  the  star's  apparent  place  will  be  at  At 
end  of  the  diagonal  of  tiie  parallelogram  to  which  iht 
earth  is  moving.  Now  as  one  side  of  this  parallelt^TW 
is  the  line  which  joins  the  earth  and  star,  and  the  Mbtr 
is  the  tangent  to  the  earth's  orbit,  where  she  mat  bf, 
the  plane  of  the  parallelogram  will  always  be  in  this 
tangent;  and  as  the  direction  of  the  tangent  iscoon- 
nually  changing,  the  plane  of  the  paraHcIogram  mat, 
in  the  course  of  a  year,  revolve  quite  round  the  lint 
that  joins  the  earth  and  star.  Hence  the  star's  iqiparal 
place  must  always  be  in  the  periphery  of  an  OfW. 
similar  to  that  of  the  earth's,  described  rottnd  tht 
star's  true  place  as  the  center,  and  in  a  plane  panllci 
to  the  earth's  orbit,  which  may  be  considered  as  aar- 
cle.  But  if  this  circle  of  the  star's  aberration,  werepfo- 
jectcd  on  any  other  plane  oblique  to  the  fonMr,  h 
would  then  become  an  ellipsis.  Hencr  if  the  starwcB 
in  the  pole  of  the  ecliptic,  the  heavens  being  thfit 
parallel  to  the  plane  of  the  ecliptic,  the  star's  appartnl 
path  would  be  in  the  arc  of  a  circle;  and  if  the  i» 
were  in  the  ecliptic,  its  course  would  be  a  right  line, 
because  its  circle  of  aberration  then  passes  through 
the  eye.  But  in  any  intermediate  place,  between  lit 
pole  and  the  plane  of  tlie  ecliptic,  the  circle  of  al 
ration,  which  is  parallel  to  the  ecliptic,  must 
jectcd  into  an  ellipsis  in  the  heavens,  whose 
axis  is  parallel  to  the  ecliptic,  and  whose  conji 
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that  its  abfrralion  is  entirely  in  latitude,  and  noAitig 
in  longitude. 

The  same  may  be  said  with  respect  to  the  abtm- 
lion  in  declination  and  right  ascension.  When  therigb 
ascension  of  the  sun  and  star  is  the  same,  the  planed 
the  parallelogram  of  aberration  is  parallel  to,  or  cob- 
cident  with,  the  plane  of  the  circle  of  declination,  lill 
the  aberration  in  right  ascension  is  nothing;  fardK 
star  appears  in  the  plane  of  the  true  circle  of  ikcta- 
tton.  But  when  the  plane  of  the  parallelogram  of  aber- 
ration is  at  right  angks  %vith  the  plane  of  the  cirdcof 
decHnation,  the  star  appears  in  a  parallel  to  the  ttpB- 
tor,  and  consequently  has  no  aberration  in  declimtion. 
At  any  intermediate  position,  the  aberration  wiB  k 
both  in  right  ascension  and  declination.  Yet  the  ite- 
ration in  right  ascension  is  not  greatest  when  the  alw- 
ration  in  declination  vanishes,  excepting  in  the  sofaA- 
tial  colure,  when  a  star  is  found  in  it,  nnd  vice  icm 
This  is  the  case  however  with  the  aberration  in  ktifft- 
lude  and  latitude.  The  aberration  in  longitude  is 
gieatest,  when  the  aberration  in  latitude  is 
and  vice  versa. 

From  what  has  been  said,  we  may  easily 
the  aberrations  of  a  star  for  any  particular  time.  As 
for  example,  let  the  aberrations  of  a  star  be  le^nifdi 
whose  latitude  is  36°  north,  and  longitude  IS^talW 
rus,  at  the  time  when  the  sun  is  in  26°  of  L,eo. 

With  a  radius  taken  from  any  scale  of  equal  piflit 
=20'  ,25,  describe  a  circle  to  represent  the  eeliplit^ 
and  divide  it  into  signs  and  degrees.*  Throt^lk 
star's  place  in  tlie  ecliptic  draw  a  diameter,"  wli^ 
shall  represent  a  portion  of  a  small  circle  paraHd  * 
the  ecliptic,  and  the  greater  axis  of  the  star's  dEftt 
•  See  Plate  t9. 
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of  aberration;  and  beginning  from  the  center,  divide 
this  diameter  each  way  to  the  circumference  into  as 
many  parts  as  shall  be  found  by  this  analog}-.  As 
cosine  star's  latitude  :  radius  :  :  20".25  :  the  num- 
ber sought,  which  in  this  case  will  be  2S".02.  Be- 
cause any  arc  of  a  small  circle  is  to  its  corresponding 
arc  of  a  great  circle,  as  the  cosine  is  to  radius. 

At  right  angles  to  this  diameter,  draw  another  to 
represent  the  star's  circle  of  latitude,  whose  radius  di- 
vide into  20".25  equal  parts,  becuusc  it  is  part  of  a 
great  circle,  and  in  this  diameter  take  C£  :  CF : :  ra- 
dius :  sine  of  the  star's  latitude,  and  CF  will  be  the 
lesser  axis  of  the  star's  aberration.  Upon  tlie  axes  C  A 
and  CF  describe  the  ellipsis  CFBT,  which  shall  re- 
present the  apparent  path  of  the  star  tl^-ough  the  year; 
its  true  place  being  at  C  the  center  of  the  ellipsis. 
From  S  the  place  of  tjie  sun  in  the  ecliptic  let  fall  the 
perpendicular  SG  on  the  diameter  CA,  and  cutting 
the  ellipsis  in  L  the  place  of  the  star  in  its  ellipsis,  and 
l^G  will  be  its  aberration  in  latitude.  Draw  LN  per- 
pendicular to  the  lesser  axis  of  the  ellipsis,  from  the 
place  of  the  star,  and  it  will  be  the  aberration  in  lon- 
gitude. These  may  be  measured  on  their  respective 
scales,  or  computed  as  follows. 

As  EC  :  FC  : :  radius :  S,  star's  latitude  :  :  20''.  25 : 
ll''.9=the  maximum  of  aberration  in  latitudesFC. 
Hence  as  £C  ;  FC  : :  SG  :  LG : :  S,  of  the  sun's  dis- 
t^ce  from  his  opposition  to  the  star :  aberration  in 
'  latitude  at  the  time,  that  is  as  radius :  maximum=ir'.9 
=FC::S,  SCB=76  :  ll".55=the  aberration  in  Jati- 
tude  at  that  time. 

Or  as  radius  :S,  star's  latitudexS,  sun's  distance 
from  opposition  to  the  star : :  20". 25  :  the  aberratioii 
in  latitude.   Or,  Iistlv.   ?.s  <*osinf*  s*'/r's  Latitude  :  S 
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sun's  distance  from  point  oppbnte  the  stwrtdp^^s^. 
the  aberration  in  latitude  at  die  time.  ^'^^ 

Let  O  represent  the  sun^  place  in  the  ecliptic» 
the  st^r^s  apparent  longitude  or  latitude  b  the^- 
^ith  the  true,  and  tends  to  excess.  For 
in  latitude.  O  is  the  point  opiiosile  to  the  star. 


-I 


TO  FIKD  THE  ABERRATION  IN  tONGllVttK/ ' 

PQR  WHICH  PUBPOiB  Q  18  3  SlGVft  APTSR  -tHB  <T£m*^  l»i.i<ifc^* 

■ 

As  cosine  star's  latitude :  radius : :  2(y\2S :  mui- 
mum  of  abenration=:BC=25".02sM. 

i' 

As  radius :  S^  sun's  elongation  from  O  : :  naa^imuffl 
:  aberration  in  longitude  at  the  time=:Ajs:6''.21,  ^» 
without  the  maximum.  As  cosine  star's  latitude^l^ 
sun's  elongation  from  0=^W : :  20".25 :  A^stf'.?!... 


TO  FIND  THE  ABERRATION  IN  RIGHT  ASCENSIOir  AND 

DECLINATION. 

We  must  .determine  the  angle  made  by  the  star^ 
circle  of  latitude  and  its  circle  of  declination  previoiis 
to  any  construction  or  computation  of  the  abecntion 
in  declination  or  right  ascen^on,  which  is  easily  dttt 
by  spherical  trigonometry;  by  saying,  as  cosuie  lati- 
tude of  the  star,  is  to  the  sine  of  its  distance  finom  die 
solstitial  colure;  so  is  the  sine  of  the  obliquity  of  the 
equator  and  ecliptic,  to  the  sine  of  the  an^  between 
these  circles^  commonly  called  the  star's  an^e  of  po^ 
sition;  which  in  this  case  is  26*"  50'. 

As  the  north  part  of  the  star's  circle  of  declination 
is  so  much  removed  to  the  east  of  its  circle  of  latitude, 
make  the  angle  ECP=26''  50'  to  the  eastward  of  EC, 
and  draw  the  diameter  PCQ,  to  represent  the  star's 
drclc  of  declination,  and  divide  its  radii  into  20". 25 
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|l.  At  right  anglts  to  PCQ,  draw  the  diameter 
T,  to  represent  a  portion  of  a  &mall  circle  parallel 
■-o  the  equator  passing  through  the  star;  and  divide 
tXs  radii  into  as  many  parts  as  are  found  by  this  ana- 
Aogy;  as  cosine  star's  declination  :  radius  : :  20".25 :  the 
number  sought,  which  in  this  case  is  30".5.  Now  draw 
Si<Al.  LN,  and  these  lines  being  perpendicular  to  PC, 
and  C'V,  respectively,  will  be  the  respective  aberra- 
riioDs  in  right  ascension  and  declination;  and  may  be 
measured  on  their  respective  scales. 
.  As  there  is  frequently  occasion,  in  practical  astro- 
nomy, for  computing  the  ubcrrations  in  right  ascen- 
uoii  and  declination,  we  shall  deliver  these  practical 
rules  following,  without  their  demonstrations,  refer- 
ring you,  for  this  purpose,  to  the  writers  on  this  sub- 
ject, u 


FOR  THE  ADEKRATIUN  IN  RIGHT  ASCENSION. 

In  the  astronomical  tables,  find  that  point  in  the 
cctiptie,  which  answers  to  the  right  ascension  of  the 
star,  which  call  N,  This  point  is  that,  wherein  the  sun 
being  found,  the  aberration  makes  the  right  ascensioa 
the  least.  Take,  in  the  same  tables,  the  angle  made  by 
tfjc  ecliptic,  and  a  meridian  passing  through  the  point 
N;  and  then  say,  as  radiusxcosine  star's  declination  : 
cosine  sun's  distance  from  NxS,  angle  between  the 
ecliptic  and  meridian  of  N  :  :  20",  25  :  aberration  in 
A.R.  which  is  additive  or  subtractivc,  according  to  tlie 
sun's  situation  with  respect  to  the  point  N. 

Otherwise  thus;  as  S,  star's  latitude :  radius : :  cosine 
P=:the  star's  angle  of  position  :  tangent  of  an  angle  Z. 

Then  if  the  star  be,  [with  respect  to  that  pole  which 
is  of  the  same  name  as  the  star's  latitude]  in  a  sign 
;iscending  or  descending,  P  being  acute,  Z  added  to 


the  star's  true  place,  or  taken  from  that  oppoutt  to  iu 
true  place;  but  P  being  obtuse,  if  the  star  be  k  iB 
ascending  or  dcscendtug  sign,  Z  taken  from  the  S"'* 
true  plucc,  or  added  to  that  oppowte  to  its  true  pUct, 
will  give  O.  N.B.  >3,  sf,  X,  V,  «.  n,  are  a&ceiKtio{ 
signs  with  respect  to  the  north  pole,  and  desctnchnj 
signs  iviih  respect  to  the  south  pole,  the  rest  arc  tbc 
contrary. 

As  cosine  star's  declination  xSZ  :  cosine  Pxndiai 
:  20",25  :  maximum  of  aberration  in  A.R. 

Radius :  S,  sun's  distance  from  O  : :  M :  abemte 
in  A.R. 

Or,  cosine  star's  decltnalionxS,Z  :  :  S,  sun's  Ai- 
tance  from  Oxcosine  P  :  ;  20". 25  :  aberration  in  AJ. 

N.  B.  O  is  the  sun's  place  in  tlie  eclijHic  whavth 
star's  apparent  longitude,  latitude,  declination,  or  AJi 
being  the  same  as  tlie  true  tends  to  excess.  Aodlkt 
angle  Z  is  the  sun's  distance  from  the  nearest  fyvffj 
with  the  star,  at  the  time  of  O. 


FOR  The  A3ERRATtOV  IN  DECLTNATIOS- 

As  S,  star's  latitude  :  radius  : :  tangent  P=the  sla's 
angle  of  position:  tangent  of  an  angle,  which  is  Z.  Tbco 
if  P  be  acute,  and  the  star,  (in  rcsi)ect  of  that  pole  of 
the  e«]uator  which  is  of  the  same  name  with  the  star'* 
latitude,)  be  in  a  sign  ascending  or  desteuding,  Z 
taken  from  or  added  to  the  point  op()05iie  to  its  liuc 
place  gives  O;  but  if  P  be  obtuse,  and  the  star  be  in  an 
ascending,  or  descending  sign,  Z  added  to  pr  akso 
from  its  true  place  gives  G;  provided  always,  that  tht 
star's  dtclinaiion  and  latitude  he  boib  north  or  boili 
south,  but  if  one  be  north  and  the  other  sotith,  then 
Jar  the  star's  true  place,  read  pohit  o/ifiosite  to  its  Irwr 
jb&cfjMdjvice  versa.     ,,  .    . 
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As  SyZ :  S,P : :  iiO'\2S :  maximum  of  aberration  in 
declination. 

As  radius :  S,  sun's  elongation  from  O  : :  maximum 
:  aberration  in  latitude  at  the  time  proposed. 

Or,  as  radiusx  S,Z :  S,Px  S,  of  sun's  elongation  from 
O  : :  20".  25 :  A:=the  aberration  in  declination  at  the 
time. 

Note.  These  rules  give  the  value  of  A  and  M,  in 
seconds  of  a  degree;  and  if  the  sun's  place  be  in  that 
semi-circle  of  the  ecliptic  which  precedes  O,  the  aber- 
ration A  must  be  taken  from  the  star's  true  longitude, 
latitude,  declination,  or  A.R.  to  gi\c  the  apparent;  but 
if  in  that  semi-circle  which  follows  O,  A  must  be 
added. 

The  libratory  variation  of  the  equator  to  the  eclip- 
tic^ which  arises  from  the  action  of  the  moon  and  sun 
upon  the  redundant  matter  of  the  earth  about  the 
equator,  is  termed  the  nutation  of  the  poles,  which  oc- 
casions another  small  apparent  motion  of  the  fixed 
stars,  amounting  to  about  9'\3  of  a  degree  when 
greatest.  This  principally  depends  upon  the  position 
of  the  moon's  nodes.  The  following  method  will  serve 
to  determine  it  with  sufficient  precision. 

FOR  THE  NUTATION  OR  DEVIATION  OF  A  STAR  IN  A.R. 

With  a  radius  equal  to  9".3  describe  a  circle,*  which 
graduate  into  signs  and  degrees.  At  the  points  3*  and 
9*  draw  a  diameter,  on  which  as  a  transverse  axis  de- 
scribe  an  ellipsis,  whose  axes  are  as  9.3  :  7.1.  Graduate 
the  same  into  signs  and  degrees,  from  the  right  hand 
to  the  left,  making  0%  of  the  ellipsis  to  coincide  with 
3'  in  the  circle.  Graduate  the  ellipsis  by  drawing  lines 
from  every  degree  in  the  circle  perpendicular  to  the 

*  See  Plate  2p. 


transverse  diameter  of  the  ellipsis,  intenccting  the  ej- 
lipsis  in  the  corresponding  points.  Through  tbetk^rec 
and  minute  in  the  circle  answering  to  the  star's  AJl 
draw  a  diameter,  and  from  the  place  of  the  tnooo'i 
node  ill  the  ellipsis  measure  the  shortest  diMancc  to 
this  diameter  passing  through  the  sur's  A.R.  and  applj- 
it  to  the  scale  of  the  radius;  then  this  length  multipbcd 
by  tlie  natural  tangent  of  the  star's  declination,  «9 
give  tlie  nutation  in  A.R.  in  seconds  of  a  degree. 

Hold  the  place  of  the  star  from  you,  and  if  the  place 
of  the  moon's  node  be  oji  the  right  hand  of  the  <U3nv> 
ter  passing  thraugh  the  A.R.  of  the  star,  the  nuuui 
is  additive,  but  if  on  the  left,  subtractive.  The  e<fn> 
tion  of  the  equinoxes,  taken  from  the  tables,  is  U  be 
applied  to  the  nutation  in  A.R.  according  to  its  si^ 
in  the  tables,  and  the  sum  or  difference  will  be  tbc 
correction  in  A.R.  of  the  star. 

FOR  THE  NUTATION  OR  DEVIATION  OF  A  STAB  ^H 

DECMNATION  ^^M 

Make  a  similar  projection  with  the  former,  onlf  M 
the  graduations  of  both  ellipsis  and  circle  begin  at  tie 
right-hand  extremity  of  the  transverse  axis  of  dK 
ellipsis;  and  proceed  towards  the  left,  as  before.  Tht 
nearest  distance  from  the  place  of  the  moon's  asoml- 
ing  node  in  the  ellipsis,  to  the  diameter  passing  ihroti^ 
the  place  of  the  A.R.  of  the  star,  measured  as  bejofC, 
is  the  nutation  in  declination  in  seconds. 

This  nutation  is  additive  for  a  northern,  and  sub- 
tractive  for  a  southern  star,  if  the  place  of  the  moon's 
ascending  node  be  on  the  right  hand  of  the  diaroctef 
passing  through  the  A.R.  of  the  star,  but  the  c«jtnrT. 
if  on  the  other  side,  when  the  place  of  Uic  §tar  is  held 
from  you. 
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Now,  m  the  conclusion,  when  we  consider  the  pro- 
digioas  ma^itude  of  the  space  in  which  the  fixed 
stars  are  placed,  it  does  not  seem  probable,  that  such 
Yast  bodies  as  they  must  necessarily  be,  were  created 
for  no  other  purpose,  than  to  afford  us  a  glimmering 
light  in  the  absence  of  the  sun.  If  this  were  the  sole 
intention  of  their  existence,  why  have  the  telescopic 
stars  twinkled  unseen  by  any  mortal,  till  the  invention 
of  the  telescope?  or  why  is  their  number  proportioned 
to  the  goodness  of  the  tel<"scope;  more  being  seen 
continually,  as  that  useful  instrument  receives  a  higher 
improvement?  Certainly  the  supposition  is  inconsist- 
ent with  the  adequacy  of  the  Infinite  Agent  to  the  effect. 
.\s  there  is  reason  to  believe  from  the  discoveries 
of  the  telescope,  that  not  one  half,  nay,  it  may  be,  not 
a  thousandth  part  of  their  number  has  ever  been  seen 
by  any  mortal;  and  that  their  distances  from  each  other 
cannot  be  less,  than  the  distance  of  some  of  them  from 
US;  this  distance  must  be  inconceivably  magnified  be- 
fore we  can  have  any  conceptiops  of  the  dimensions  of 
the  creation.  The  incomprehensible  Creator  alone  can 
comprehend  the  unbounded  expansion.  Here  our  ob- 
servations fail,  and  uc  are  reduced  to  hypothesis.  The 
most  probable  design  of  their  existence,  is  derived 
from  this  consideration;  that  none  of  them  have  any 
parallax,  and  consequently  that  if  the  annual  orbit  of 
near  200  millions  of  miles  in  dia- 
leter,  were  viewed  from  the  nearest  of  ihem,  it  would 
lot  subtend  an  angle  of  a  single  second;  and  therefore 
if  our  sun  were  removed  to  the  same  distance,  he 
would  appear  no  larger  than  a  shining  point;  and  our 
whole  planetary  system  must  become  absolutely  invi- 
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aible  to  such  eyes  as  ours.  Hence  it  is  extremely  pro- 
baUe,  that  every  one  of  this  countless  multitude  of 
stars  'H^s  ordained  for  similar  purposes  with  our  suo; 
and  that  they  are  the  central  sun's  oi  innumerabk 
systems,  distributing  the  various  influences  of  ligb 
Mid  heat  to  their  attending  planets;  whose  immense 
distance  from  us,  must  ibr  ever  conceal  them  from 
the  human  eye. 


TUE  END. 
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